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THE GREYLOCK SYNCLINORIUM.* 

T. Nelson Dale, Newport, R. I. 

The topography of the NW. part of Massachusetts is marked 

by three main parallel mountain masses having the N. NE. trend 

common to the Appalachian system. The most westerly of these 

is the Taconic range, the crest of which divides the states of New 

York and Massachusetts; the most easterly, situated about ten 

miles east of the N. Y. line is Hoosac Mt. traversed by the Hoosac 

tunnel, while the central one is Mt. Greylock, the prevailing rock 

of which, farther south, merges in that of the Taconic range. 

Mt Greylock forms a topographical unit, measuring about 14 

miles in length and averaging about 5 in width, and consists 

mainly of one central and two lateral subonlinate ridges with the 

same N. NE. trend. The "saddle," from which it derives one of 

its ancient names, and which is a conspicuous object all through 

Berkshire county, is formed by a SW. bend in the central ridge 

between Greyloc^k summit proper (3505 feet above sea level) on 
the north and Saddle Ball (3300 ft.) on the south. These are 

alx)ut two miles apart, and the lowest part of the saddle is 2J)00 

ft. above sea level. 



♦Abstract of a report by T. Nelson Dale, Assistant Geologist V. S. (I. 
8. to Raphael Pumpelly, Geologist in charge of the Archean Division, 
covering field work done by the writer in 1880-1888 assisted during a 
portion of the time by Wm. H. Hobbs. This abstract is published by 
permission of the Director of the U. S. Geol. Stirvey. The full report, 
amply illustrated, and entitled *'Mt. (Jreylock, its areal and structural 
geology,-' goes to make up, together with a monograph by Raphael 
Pumpelly and one by J. E. Wolflf, a memoir on the (treen mountains, 
now in course of publication by the Survey. 
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Situated right in the midst of the Taconic region Mt. Greylock 
has been often alluded to during the last seventy years in the much 
debated <* Taconic Question." Professors C. Dewey, E. Emmons, 
E. Hitchcock and J. D. Dana are the principal authorities on the 
geology of the mountain. The general synclinal structure of the 
mass and also the fact that it consists mainly of certain schists 
underlaid by limestone are well known. Professor Dana has also 
conjectured the anticlinal structure of the hollow which separates 
two of its ridges. 
^ The following description is based upon the new 20 ft contour 

map made by the topographers of the U. S. Geological Survey, 
and upon extended and laborious geological explorations, and upon 
the careful microscopic stud}' of lithological specimens by Mr. J. 
E. Wollf. The results of modern topograph}^ orography and 
petrography have been brought to bear upon the subject. 

Structural. The rocks are all metamorphic and of few kinds: 
crystalline limestones and various schists, micaceous (sericitic) 
chloritic, albitic, pyritiferous, plumbaginous, calcareous. The 
kej' to the real structure of the mountain is in clearly distinguish- 
ing cleavage-foliation from stratification-foliation, the apparent dip 
and strike being generally entirely misleading excepting at con- 
tacts and even there sometimes.* The phenomena of cleavage 
and stratification as they occur on Mt. Greylock are illustrated by 
a number of typical cases which substantiate and illustrate the 
following structural principles: 

I. Lamination in schist or limestone mav be either stratifica- 
tion-follation or cleavage-foliation or both. In rare instances traces 
of false-ljedding occur in the limestone. To establish conforma- 
bility the conformability of the stratification-foliations must be 
shown. The importance of this is manifest and it would seem too 
elementary a principle to be stated here were it not that at one 
locality where the limestone and schist are in apparently conform- 
able contact, their cleavage-foliations alone are conformable while 
the stratification-foliation of the schist is at right angles to that of 
the limestone owing to a fault. 

II. Stratification-foliation in the schist is indicated by: (a) the 
course of minute but visible plications; (b) the course of micro- 

♦The more important references to the subject of cleavage occur in 
the writings of Sedgwick, Phillips, Darwin, Sharpe, Sorby, Tyndall, 
Rogers, Kyerulf, Heim, Daubree, Jannettaz, Beusch, Bonney, Cadell and 
Harker. 
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scopic plicatious; (r) tbe gen- Ff al j jj j J j.f^' i H H 
eral course of the quartz lamiuEe H^; 1 . '; 

whenever they can be clearlj' i c f - ! i 

distJQguished from those which >|il i 

lie iu the cleavage planes. -^ "^^ 

III. Cleavage-foliation may ^fzI 
consist of: (a) planes produced - 1 ! j 
by or coincident with the faulted ■? t ^ | 
limbs of the minute plications; - -i „ 
(6) planes of fracture resem- |c^5 
bling joints on a very minute r " | h 
scale with or without faulting of g s * > 
the plications; (c) a cleav^e *~"E 
approaching "slaty cleavage" S == ' 
iu which the axes of all the par- -a* > 
tides have assumed either the " " 
direction of the cleavage or one ^ 
forminga very acute angle to it 
and where stratification-foliation 
is no longer visible. 

IV. A second a rj- cleavage 
resembling a minute jointing oc- 
curs in scattered iocniities. 

V. The degree and direction 
of the pitch of a fold are indi- b- 
cated by those of the uses of the 
minor plications on its sides. " 

VI. The strike of tlie stra- $ s'^ 
tification and cleavage-foliations i, " _ 
often differ in the same i-oclc and 
ore then regarded as indicating 
a pitching fold. 

VII. Such a correspondence 
exists between the stratification 
and cleavage-foliations of the 
great folds and those of the , 
minute plications that even very 
small specimens properly orient- , 
ed give in many cases the key to : 
the structure over a large part of ' 5 | ■ 
the Bide of a great fold.* e ^ 'i 

•Tlie (oil report will cont«(ii repn>ductions of photoanphi at dlKhtly euluged 
rack Mctioni. and aUo sketoliHs and dimjrams illustratliis thtoe prTnclple*. 
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On these structural principles thirteen complete and six partial 
sections have been constructed across the Greylock mass. These 
show that it consists of a series of more or less open or com- 
pressed synclinals and anticlinals which, beginning at the north 
end ( North Adams ), increase southerly in number and altitude 
with the increasing width and altitude of the schist mass, and then, 
from a point about a mile and a half south of the summit, begin 
to widen out and diminish in number and hight until they finally 
pass into a few broad and low undulations. Mt. Greylock with its 
subordinate ridges is a syncllnorium consisting in its broadest por- 
tion of ten or eleven synclinals alternating with as many anti- 
clinals. While the number of these minor synclinals at the surface 
is so considerable, in carrying the sections downwards they resolve 
themselves chiefly into two great synclinals with several lateral and 
smaller ones. The larger one forms the central crest of the mass, 
the smaller one east of it forms Ragged Mt. , the subordinate ridge 
on that side. The major central s^^nclinal is so compressed near 
the highest part of the mountain and its axial plane is so inclined 
to the east, i. e. it dips to the west, that the strata which un<ler- 
lie it have on its west side a westerly dip. Further south this 
synclinal opens out and all the relations become more normal. 
On either side of these two main synclinals the subordinate folds 
are more or less open and have their axial planes vertical or in- 
clined east or west. 

The accompanying figure 1, shows one of the more important 
of these cross sections. Section G, which passes about a mile north 
of the top.* That which crosses about a half mile south of the 
top, and through the Bald Mt. spur on the south side of the 
** Hopper," is even more complex in its western portion. 

There are long undulations in the axes of these synclinals as 
shown in several longitudinal sections. The side or edge of this 
great double trough is at the extreme north end of the mass and 
its southern about eight miles distant South of these main 
troughs is another shallower pair. The same N. S. trough struc- 
ture prevails also through all the subordinate lateral folds. The 
deei>est part of the synclinorium apiKjars to be under the saddle 
between the two summits, Greylock and Saddle Ball. 

•In order to show the current conceptions of the topography and 
geology of Greylock the reader is referred to Dana's Manual of (»eology, 
3d edit., 1880. p. 213 where Emmons' section of the mountain is re- 
produced. 
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Traversing the folds of this canoe-like complex syndinorium is 
a cleavage-foliation sometimes microscopically minute, dipping 
almost uniformly east. This cleavage-foliation is generall}^ dis- 
tinct from the *< slaty cleavage " early described by Sedgwick, 
Sharpe, and Sorby, and reproduced experimentally by Tyndall and 
Jannettaz ; but consists sometimes of a minute joint-like fracturing 
of the laminae, but more generally of a faulting of the laminae as 
the result of their extreme plication — a mode of cleavage (aus- 
weichungs-clivage) so well described by Heim,* and recently re- 
produced in part by Cadell t by a slight modification of the exper- 
iments made by Alphonse Favre of Geneva in 1878. t This fault- 
cleavage, when carried to its extreme, results in a form of cleavage 
ver}' nearly approaching, although not identical with * < slaty clea- 
vage. " To the unaided eye all traces of stratification-foliation are 
lost and even under the microscope they are so nearly lost as to be 
of little or no avail in determining the direction of the dip. J 

Lithologxcal Stratigraphy. There are five more or less distinct 
horizons in the Greylock mass. Beginning above: The Greylock 
Schisti: musco\ite (sericite) chlorite and quartz schist, with or 
without biotite, albite, octahedral magnetite, tabular crj'stals of 
interleaved ilmenite and chlorite, ottrelite, microscopic rutile and 
tourmaline. Thickness 1200 to 2000 feet. Part of Emmons' Pre- 
Cambrian or Lower Taconic No. 3, '*Talcose Slate." Walcott's 
Hudson River (Lower Silurian). 

The Bellows Pipe Limestone^ (so named from its occurrence at the 
*< Bellows Pipe" in the notch between Ragged Mt. and Gre3'lock): 
Limestone more or less crystalline, generally micaceous or pyri- 
tiferous, passing into a calcareous mica schist or a feldspathic 
quartzite or a fine grained gneiss with plagioclase and occasional 

*A. Heim. Mechanismus der Gebirgs bildung, im Anschluss au die 
Geologische Monographic der Toedi-Windgaellen Gruppe. Basel 
1878. 

fHenry M. Cadell. Experimental Researches on Mountain Building. 
Paper read before the Royal Society of Edinb., Feb. 20, 1888. 
Transac. Roy. Soc. Edinb. Vol. XXXV. part 7, p. 337, 357. Ab- 
stract in Nature, Vol. 37, p. 488, Mch. 23, 1888. Third series of 
experiments. 

tAlphonsc Favre. The formation of Mountains. Nature, Vol. XIX, 
1878, p. 103. 

ISIaty cleavage results from the destruction of the small laminte by 
the breaking up of the sedimentary arrangement of the particles and 
changing the direction of the axes of all the particles. In this connec- 
tion see: Alfred Harker, The causes of Slaty Cleavage; compression v. 
shearing. Geological Magazine, London, 1885, p. 15, and also by the 
same author; On the Successive Stages of Slaty Cleavage. Ihldy p. 266. 
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grains of microcline, zircon. The more common minerals are 
graphite, pyrite, albite, microscopic rutile and tourmaline; rarely 
galena and zinc blende. Thickness 600-700 feet. This horizon 
was entirely overlooked by Emmons, as his section happened to 
cross the mountain where this upper limestone is covered with drift. 
It belongs in his Lower Taconic No. 3, and in Walcott's Hudson 
River as do the Grey lock Schists. 

The Berkshire Schists (so named from their prevalence through- 
out Berkshire county): In character like the Greylock schists, 
but more frequently calcareous especially towards the underl3'ing 
limestone. Thickness 1000 to 2000 feet. Also forming a part 
of Emmons' Pre-Cambrian or Lower Taconic No. 3, »*Talcose 
Slate, '* and Mather's, Hall's, and Walcott's Hudson River (Lower 
Silurian). Considerable allowance should be made for thickening 
in consequence of plications in the estimates of the thickness of 
both the Berkshire schists and the Greylock schists. 

The Stochhridge Limestone. Limestone cr3^stalline, in places a 
dolomite, quartzose or micaceous, more rarely feldspathic. Very 
rarely fosilif erous. Galena and zinc blende rare. Irregular masses 
of iron ore (limonite) associated sometimes with manganese ore 
(pysolusite) and with siderite, occasionally replaced to a small 
extent by quartzite. Thickness 1200 to 1400 feet. Emmons' 
Pre-Cambrian Lower Taconic No. 2, (Stockbridge Limestone), 
Dana's Lower Silurian, Walcott's Trenton Calciferous and 
Chazy (Lower Silurian). From 3Ir. Foerste's and Mr. Wolff's re- 
cent discoveries in Vermont some of the lower part of this 
horizon may be Cambrian.* 

7%c Vermont Formation. Quartzite, cropping out in the Gre}'- 
lock area only once (See Section G. ) but possibly underlying the 
entire mass. Thickness 870 feet Emmons* Pre-Cambrian, 
Lower Taconic, I. Granular quartz, Dana's Cambrian, Walcott's, 
in part Lower Cambrian, * ' Olenellus. " 

It should be noted that the maximum thickness estimated does 
not exceed the thickness usually attributed to the Lower Silurian 
in the Appalachian region. 

Areal Geology. The geological map of Greylock and the ad- 
jacent masses presents a great Ijody of the schists of the horizon 
of the Berkshire schists almost surrounded by the underlying 

♦J. Elliot Wolff, on the Lower Cambrian Age of the Stockbridge lime- 
stone. Bulletin of the (Jeologlcal Society of America, Vol II, 1891. 
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Stockbridge limestone. The Berkshire schists send out tongues 
into the Stockbridge limestone area. There are also re-entering 
angles of limestone in the schist area cori'esponding to anticlinals. 
There are isolated schist areas which are more or less open syn- 
clinals and isolated limestone areas which are compressed anticlinals 
forced up through the overlying schists or truncated by erosions. 
Their relations are repeated between the upper limestone (Bellows 
Pipe limestone) and the Greylock schist. 

Relatione of Geology to Topography. The physically and chem- 
ically more resistant schists form the more elevated portions and 
the steeper slopes, while the broad valleys and gentle undulations 
about the mountain generall}' correspond to limestone areas. The 
upper limestone and calcareous schist constitute the benches of 
agricultural land high up on the sides of the mountain and * * the 
notch " so early settled ; and to the presence of this rock also, 
together with a northerly pitch, is due the deep incision in the 
central crest between Saddle Ball and Round Rocks. The N.-S. 
part of the Hopper cut was occasioned by the trend and up- 
turned edges of the calcareous belt. A minor anticlinal occurs 
on the west side of this part of the Hopper. The deep E. - W. 
incisions on both sides of the mountain are the results of erosion 
crossing the strike, while the great spurs on the west side are 
portions of the original mass left by this erosion. The saddle be- 
tween Greylock summit and Saddle Ball is due to the central 
synclinal of the mass, and the saddle seen in the mass from Mt. 
Equinox on the N. N. W. is due to the great trough in the cen- 
tral synclinal. The center of this trough is the deepest part of 
the entire synclinorium. 

Newport, R. /., April 22, 1891. 



THE FUEL RESOURCES OF COLORADO. 

Bv A. Lakes, Grolden, Col. 
RECENT DEVELOPMENT OF THE COAL FIELDS. 

Up to the past five or six years the comparatively small areas 
of coal discovered and developed within the reach of railroads, 
were confined to the narrow eastern and northeastern border of our 
mountains, and were monopolized by two or three companies, or 
leagued with two or three railroads. The markets were local also. 
Now, far greater and more imix)rtant fields, with larger seams and 
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superior qualit}' of coal have been discovered and partially devel- 
oped on the western slope of the Colorado range. There are now 
twent}' companies at work where before there were but one or two, 
and these not merely on the old fields, but on the new. From a 
once local trade we have now come to supply man}- neigh lx)ring 
States as far east as the Missouri river. From nothing as a coal 
State, Colorado has leaped into the front ranks. 

EASTERN rOAL AND THAT OF COLORADO COMPARED. 

It has been by no means easy to convince eastern men either of 
the (juality of Colorado coal, or of the area of its fields as com- 
pared with similar data of eastern states. They have long thought 
of our coals as '' lignites," little better than peat, owing to the 
fact that they were so dubbed b}' Hayden in his report of 1873. 
This was true enough of the northern field about Boulder, but 
wholly unjust to the great bulk of our coal fields, which produce 
true bituminous coal — the same in quality and chai'acter as that of 
Pennsylvania. We have coals that not only produce good coke, 
equal, some of it to that of Connellsville, but even anthracite, 
limited in quantity, similar to that of the eastern states. This 
fact is emphasized by the leading coal expert and geologist of the 
eastern states, Dr. J. S. Newberr}*, of the Columbia School of 
31ines of New York, who sa3's of our Colorado fields west of the 
range : 

*' Here we see sometimes eight to ten different seams in one 
section, reaching a united thickness of forty to fift}' feet, of a 
quality which will compare with any known in the world. Owing 
to peculiar conditions this coal forms several varieties, each of 
which has its special uses. Here is anthracite, as hard and bright 
as anv mined in eastern Pennsvlvania ; semi-bituminous coals, 
similar to those of Blossburg and Cresson, but more compact and 
pleasanter to work, transport and use ; bituminous coal, 3'ielding 
a coke as goo<l as that of Connellsville, and open-burning furnace 
coals similar to the famous Briar Hill coal, of Ohio, and of e(jual 
value. These coals are of unusual purit}', sometimes containing 
3 per cent, and rarely more than 5 per cent, of ash, with little sul- 
phur or phosphorus." 

Our fields bi*long geologically to the C ruUiceous, but what old 
age and pressure have done for the i»astern coals, has been accom- 
plished for ours by the heat of volcanic eruptions attendant upon 
mountain upheaval. 
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DISCOVERY OP THE COAL FIELDS. 

A glance at Mr. R. C. Hill's map in *' Hall's Histor}' of Color- 
ado," gives some idea of the great area occupied b}' our coal 
fields, and their distribution in the state. And since formerly- 
only that marked '* The Northern Colorado Field " was known and 
worked, it will appear how largely the knowledge of our coal re- 
sources has increased within the past few 3'ears. This north- 
em field developed at Marshall, Erie, Louisville and Golden was 
formed}' the main suppl}' of Denver and the mountain towns. 
Later the southern portion of the field was developed and worked 
from time to time at Franceville, near Colorado Springs. Excel- 
lent coal, too, was opened on the small isolated field near Canon 
City. But the most important discovery was made some 3'ear8 
later in the Raton field, where the coal was found to be not only 
bituminous, but also capable of making very fair coke, a com- 
modity long desired by the smelters, who up to this time had to 
rely upon Pennsylvania. 

Later, a mine was opened at Crested Butte, across the range, 
which produced a first-class coke, e(|ual to that of Connellsville. 
Since this epoch of coke discover}', large areas of coking coal have 
been discovered in various parts of the state. 

In the same area a small field of excellent anthracite was dis- 
covered, covering a few hundred acres. Thus, in a very short 
time, our reputation as a so-called <' lignite" bearing state had 
been raised to that of a first-class bituminous, coke and even an- 
thracite producing region. 

THE GRAND RIVER COAL FIELDS. 

The contest for a path to Utah between the 31idland and the 
Rio Grande railway's led to the discover}' and development of still 
another new field, along the banks of the Roaring Fork and Grand 
river, even richer than thu rest, in the varieties and great thick- 
ness and number of seams of bituminous, domestic, coking, and 
anthracite coals. The coking coals were developed by the Marion 
mines, near Cardiff, and the coke found to be as good as Connells- 
ville. The great, thick and numerous seams of bituminous and 
domestic coal were, and still are being developed all along the 
great Hogback, from Glenwood to Meeker, a distance of fort}* 
miles. Thus l)egan the development of the great Grand River 
field, which for area, variety and excellence of its coal is the 
most important field of the future in Colorado. As yet its out- 
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skirts only have been touched, and there is a vast area for future 
enterprise, whilst north and beyond it is 3'et another large and un- 
touched field known as the Yampa. 

The coal of this Grand River field has a further importance from 
its close proximity to the greatest iron deposits so far discovered 
in Colorado, such as those of the Iron King, at White Pine, about 
thirty miles from Gunnison City, and the Cumberland iron mine, 
in Pitkin count}^ also within fair distance of this great coal field. 

SOUTHWESTERN OR LA PLATA FIELD. 

Meanwhile in southwestern Colorado the Rio Grande railway 
had entered and discovered another large field, covering thousands 
of square miles, and extending from Colorado into New Mexico 
and Arizona, known as the La Plata field. Here is an immense 
amount of coal in bodies from seventy feet down to five feet in 
thickness ; yet over this great area the development is restricted 
to four or five small mines, one at Monero, another at Florida, 
and three or four about Durango, doing a very local trade. This 
small development is due to the possession of much of the field 
by the Ute Indians, and to the fact that but one railroad pene- 
trates the region. The coal is bituminous, and over certain areas 
makes fine coke. 

Besides these large fields, there are several smaller isolateil ones, 
such as one in North Park, with thick scams of lignitic coal, an- 
other in South Park, for some years developed b}' the Union Pacific, 
and another undeveloped field on "Tongue Mesa," near Montrose. 

NORTHERN COLORADO COAL FIELD. 

This field extends north from Boulder into the Laramie plains 
of Wyoming, and south to Colorado Springs. Its approximate 
eastern boundary is a line drawn north and south some forty miles 
east of the mountains. This field has long l^een developed in 
Boulder county by the Marshall, Erie and Louisville mines, also 
by mines at Golden and Ralston. Marshall is one of the oldest 
mines in the state, having been worked for at least twenty years. 
By a series of faults, aecompanieil by erosion, the coal has locally 
been brought near to the surface at a gentle dip of 5 degrees. The 
principal seam is six to eight feet thick. The coal is a good, 
pure, high-class lignitic coal, not coking, but well adapted to all 
purposes where extraordinary heat is not rc^iuired. A large area 
has been worked out, a goo<l deal burnt out by si)ontaneous com- 
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bastion, and an unknown amount presumably left. The develop- 
ment is sometimes impeded by the faults which cut off the contin- 
uity of a seam. 

The following is an analysis of Marshall coal : 

Per Cent. 

Water 10.73 

Volatile 44. 1 1 

Fixed carbon 38.38 

Ash 6.11 

The area of the Colorado portion of the northern field is esti- 
mated by Hills at 6,800 square miles, the accessible portion at 405 
square miles, and the available coal at 2,568,600,000 tons. 

From Franceville, for about thirty miles south, there are no de- 
velopments until we reach Canon City, on the south bank of the 
Arkansas river where is a small isolated field, twelve miles long 
by two miles broad, carrying a seam four to five feet wide of non- 
coking bituminous coal, which has long been a favorite fuel from 
its high calorific power and general purity. The gentle dip of the 
strata admits extensive development. There are three or more 
companies developing this small field at present. 

THE SOUTHWESTERN FIELD. 

From the Arkansas river to the Huerfano river, a distance of 
fifty miles, another barren space, and then we meet the northern 
extremity of the great Raton plateau and Raton coal fields. Some 
of this coal has been burnt, or changed into natural, but worthless 
coke by volcanic d3'kes with which the region abounds. As a 
whole, however, it represents an enormous amount of bituminous, 
domestic and coking coal. The cause of this change from a lig- 
nitic to a bituminous and coking character may be found in the 
great volcanic manifestations of this area. 

The following analysis of Al Moro coal gives : 

Per Cent. 

Water 0.54 

Volatile matter 30.29 

Fi.xed carbon 54.43 

Ash 14.74 

Total 100.00 

Hills estimates the available area of this field in Colorado at 

473 square miles, and the available coal at 4,490,200,000 tons. 

In former years there were but two companies working in this 

great field, now there are a dozen. 

From the fields of the eastern slope we turn to those on the 
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west slope of our mountains. We cross the Sangre de Cristo 
range, the broad San Luis park and the Conejos range, seeing no 
coal for over 100 miles. From the Conejos range we look down 
on a i-egion of endless plateaus, repi*eseuting the La Plata coal 
fields. Over this large area there is, as we have stated, but half 
a dozen small mines. One bod}- of coal on the Animas river, be- 
low Durango, is seventy feet thick, caused by the running together 
of several seams. It is developed at the Carbonero and La Plata 
mines. The great body is traceable for several miles along the 
'* hog-backs" b}* a valley caused by the washing out of the softer 
coal. The individual seams composing this mammoth bod}' can 
be worked individual!}- to advantage, but worked collectively the 
result would be a high per cent, of ash from the admixture of 
shale '* partings. " Close to the town of Durango a seam five feet 
thick, of excellent qualit}-, is worked by the San Juan and Porter 
mines. The coal of all these seams makes very good coke, but the 
market of it is at present local. The drawbacks to this coal field 
are its distance from the main central market, the presence of only 
one line of railroad, and the proximit}' of the Ute reservation. 
When some of these obstacles are removed there is a good future 
for the region. 

An analysis of the smaller seams is : 

Per C«nt 

Water 0.63 

VolatlU' matter 34.70 

Fixed carbon 57.30 

A^»h 7.37 

Total 100.00 

And for the larger seams : 

Per Onl . 

Water 1.30 

Volatile matter 3U.70 

Fixed carbon 54.78 

Ash 4.22 

Total 100.00 

Hills estimates the Colorado portion of this field 1,250 squaix* 
miles, the available i^rtion at 300 square miles, the available coal 
at 3,387,200,000 tons. 

FIELDS OF NORTHWESTERN COLORADO. 

From Ouray we go northeast to Crested Butte. Here is a small 
portion of the Grand River field isolated by a circle of volcanic 
mountains, fonning the Elk range. The heat from these volcanic 
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sources has altered the coal into several varieties. We have bitu- 
minous, coking, semi-anthracite and true anthracite, the alteration 
being more or less great, according to distance from volcanic heat. 
The anthracite portion is limited to an area of about 500 acres ; 
the seam is six feet thick and yields an anthracite as hard and 
lustrous as that of Pennsylvania. Its analysis is : 

Percent. 

Water 1.56 

Volatile matter 5.93 

Fixed carbon 88.76 

Ash 3.75 

Total 100.00 

This mine is at present the main anthracite supply of Colorado. 
An old analysis of the Crested Butte coal gives : 

Per Cent. 

Water 1.94 

Votallte matter 38. 18 

Fixed carbon 56.80 

Ash 3.08 

Total 100.00 

Coke from this coal now analyzes as follows : 

Per Cent. 

Water 05 

Volatile matter 1.15 

Fixed carbon 89.12 

Ash 9.62 

This coke is not so strongly coherent as that of Trinidad, but in 
other respects is better. 

At Crested Butte we leave the railroad and take horses and a 
camping outfit to explore the untouched areas of Grand River field. 
The boundaries of this field, as marked out by Hills, are as fol- 
lows : It lies on the drainage of the Grand river and its tribu- 
taries in Pitkin, Garfield and Mesa counties, and a detached por- 
tion of it on White and Yampa rivers. 

The coal of the southern end, beginning from Crested Butte, is 
traceable around mount Carbon to the Baldwin mines, thence west 
to Gunnison mountain, where, on Coal creek, are large seams of 
semi-coking and coking coal, with some anthracite. From mount 
Gunnison we follow the coal outcrop across the north fork of the 
Gunnison around Grand Mesa to Hogback canon on the (xrand 
river, where sixteen miles abo\ie Grand Junction seams of domes- 
tic bituminous coal six to eight feet thick, appear on the sides of 
the canon. Thence to the Utah line along the Little Book cliffs 
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to Green river and beyond, the coal probabh' underlying a large 
tract of countr}" east of the Wahsatch mountains. 

Along the opposite margin coal is traceable west from Crested 
Butte, along the anthracite range and the south base of the Ragged 
mountains, down Cr3'8tal river to Coal Basin. Along the anthra- 
cite range and flanks of the Ragged mountains are local patches 
of ver}' fine anthracite, but somewhat broken up, detached and 
difficult of access. 

From New Castle the coal follows the course of the Great Hog- 
back to Meeker, a distance of forty miles. Thence it bends in a 
curve in a northerl}' direction towards Yampa river, and appears 
again on White river, below the mouth of Piceance creek. After 
this it follows the Uintah range into Utah and Grand river. 

In the coal basin at Jerome Park, and at the Marion and Sun- 
shine mines near Cardiff, on the Roaring Fork, which lie around 
such eruptive centers as Mount Sopris and the Elk range, the coal 
is largely coking, producing a coke of great purity, at times equal 
to that of Connells\nlle. Hills estimates the coking area of this 
district at 353 square miles. 

On the cliff face of the Great Hogback, 1,000 feet above the 
Grand river, we see exposed a great number of seams vaiying in 
thickness from twenty-two feet near the base, to ten and five feet 
near the summit. The coal along this hogback is first-class bitu- 
minous domestic coal, not coking, but freer from soot than those 
of a coking nature. 

On the field around Meeker, owing to the absence of railroads, 
and the distance from markets, little development has been done. 
The coal appears like that at New Castle. 

WHERE ANTHRACITE 18 FOUND. 

This Grand River field produces many good varieties of coal, 
the bulk of it being domestic and not coking. The anthracite 
area, so far as at present known, is in Colorado, confined to nar- 
row areas along the Anthracite range, the flank of the great vol- 
canic mountains, such as mount Marcellina and the Ragged 
mountains, and the small mesa at Crested Butte and the southern 
flanks of mount Gunnison, together with an undefined area in the 
Yampa field. Some of this so-called anthracite is more strictly 
semi-anthracite, excellent coal, but variable in thickness and 
quantity, and liable to have been broken up by the volcanic sheets 
which anthracised the coal. The largest and most promising an- 
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thracitc area is one I saw this summer on the southwest base of 
3Iount Gunnison, where a continuous seam, ten feet thick, over- 
laid by a sheet of volcanic rock, appears to underlie a consider- 
able area, i. e. , if we assume it to be co-extensive with the out- 
crop of the volcanic sheet. In the same vicinifc}' were some of the 
finest seams of domestic coal I have yet seen in Colorado. They 
are some five or six in number, and var}' from six to twelve feet 
in thickness, and lie at intervals one above another in the same 
section. There appears also to be an area of coking coal on the 
same propert}'. The bulk of the coal area so far developed has 
been along the outskirts of the field. The center of the field is 
buried beneath the mountain plateaux of 5,000 to 10,000 feet 
thickness, of newer Tertiary strata. On the cliffs of these plateaux, 
instead of coal we see long black lines of asphaltum, with shale 
saturated with hydrocarbons to such a degree that the}' ignite with 
a match. From the latter, petroleum could doubtless be extracted 
and manufactured in the same manner as it used to be in the East- 
ern states before the great flowing oil, wells were discovered. 

NATURAL OA8. 

It was in this same region and set of strata that this summer I 
saw the first genuine and promising gas springs of any power or 
consequence so far discovered in the state. The local it}' was 
thirt}' miles west of Meeker, on the White river, near its junction 
with the Piceance creek. There I saw on the edge of a great hol- 
low basin that had been excavated by erosion out of a broad anti- 
clinal or arched table-land, two powerful springs which had been 
exploited to a depth of 500 feet. During the work, one of the 
springs caught fire, and a column of flame, sixty feet in hight and 
twelve feet in diameter, shot up into the heavens, illuminating 
the surrounding country for many miles, till it gradually subsided 
owing to the pressure of water, after destroying the machinery, 
severely burning the operator, and calcining the ground for several 
yards around the orifice. The site of this spring is at present oc- 
cupied by a pond, up through which several jets of gas bubble 
fiercelv. 

The other spring, a few hundred yards distant, was also ex- 
ploited to some depth, and, owing to business matters, abandoned 
and the tubing drawn out. This spring I also found surrounded 
by a circular pond twelve feet in diameter. Here the water was 
in a seething, violent state of agitation, churning round and 
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round the central orifice, from which great bubbles of gas arose, 
elevating the surface of the water a foot or more above its level, 
reminding one very much of certain stages in a geyser eruption. 
A strong petroleum smell was emitted. We ignited the gas from 
a safe distance and*a column of tiame sending out an intense heat, 
covered the entire surface of the pond and rose to a hight of 
about six feet above it. We watched it for a while and left it still 
burning. It is evident there are large bodies of gas in this region, 
as shown by the two wells, which have been pouring forth vol- 
umes of their incense for over a 3'ear to waste on the sage brush 
desert. 

Again about two miles from this up the course of the Piceance 
creek we found an alkali pond with numerous gas jets bubbling 
up, which ignited with a match and burnt for a few seconds until 
overcome by water. Professor Sadtler tells me that a well has been 
discovered on Bussard creek, twenty-five miles air line southwest 
from Glen wood and about the same distance west from Aspen, 
which, on digging, poured forth such volumes of gas that the 
workmen were unable to continue. It is evident that there are 
large bodies of gas in this region, as shown by the wells which I 
have described. It is certain, then, that natural gas exists* in 
Colorado. 

What might be done with this if it were within reach of some 
large city like Denver ? What manufactories of glass and other 
works might be run by this cheapest and purest of fuels ? Not to 
mention the illumination of our streets. If the mountain wont go 
to Mahomet, Mahomet must go to the mountain ; and it may be 
that commercial men ma}' see the wisdom of establishing their 
manufactories within reasonable distance of these powerful springs. 

PETROLEUM. 

There is a close chemical relation between natural gas, asphalt 
and petroleum. They are all hydro-carbons, and are convertible 
into one another, hence, where one of these substances is found, 
it is not unlikely to find the others, so there is a reasonable pros- 
pect that this White River region, abounding in its natural gas 
and asphaltum, may some day be found to produce petroleum also. 
At present our oil production is confined to the small field at 
Florence in the vicinity of Canon City. 

THE FLORENCE 0\L FIELD. 

Oil was discovered first in Fremont count}' on Oil or Four-mile 
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creek, four miles east of Canon City, where it makes its appear- 
ance on the surface of the water of the creek. Rumor has it that 
it was known for years to the Indians, who used it for medicinal 
purposes. In 1861 Mr. A. M. Cassidy, who was the pioneer in 
the development of oil in Colorado, erected a small still on the 
bank of this creek, sank five or six wells in the neighborhood, 
getting from the eniire development about three barrels of crude 
oil a day, which he refined and sold in Canon Cit}', Pueblo and 
Denver, at prices ranging from $1 to $5 per gallon. From this 
small banning the present industry has evolved. 

This field now supplies every gallon of refined oil used west of 
the Kansas and Nebraska line, including all states and territories 
to the Pacific coast 

The present total consumption of refined oil in the territory 
tributary to the Florence oil fields is 4,500,000 gallons per an- 
num, representing in value to the producers about $300,000. 

There have been in all about sixty-five wells drilled in this field, 
with a record of about forty-five producers. Of these there are 
now about twenty-five wells being pumped. The remaining twenty 
have gone dry. The average production per day of these wells is 
forty barrels, or a total of 1 , 000 barrels daily. 

The territory is what is called an uncertain one ; there is no 
guide by which producers can be governed. Oil has been found 
in depths from 1,000 to 1,800 feet. The drilling has developed 
the fact that there is a body of shale 3,000 feet thick at least. 

Seven miles northwest of Florence, on Oil creek, and back of 
the penitentiary at Canon City, ten miles west and north of Flor- 
ence, the outcrop shows oil-bearing sandrock. This sandrock is 
the supposed original oil receptacle from which the oil has, by 
pressure, been forced up into the shale above. 

The character of the drilling is fairly good, the shale being soft 
and easily penetrated, but owing to frequent caving, necessitates a 
knowledge of the territory by the drillers. 

The character of the oil is what is termed a heavy petroleum, of 
a greenish cast of color, and weighing about 32 degrees. The 
amount of illuminating oil produced from the crude is 33^^ per 
cent The residual or refuse oil is used for lubricating and fuel. 

The life of the wells is about two years. The territory marked 
out and supposed to be oil bearing, is about sixty thousand acres. 

Evidences of the existence of oil are to be found in Conejos, 
Archuleta, Rio Blanco, and Routt counties. 
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It oozes from the rocks near Morrison, and signs of it are said 
to have been found at Littleton, and nine miles north of Denver. 
None of these fields, however, have been sufficiently developed to 
establish their commercial value. 

The oil business of the State of Colorado may in time be equal 
in importance to our State, that it is to the States of Pennsylvania 
and Ohio. There are undoubtedly undiscovered fields in the va- 
rious portions of the state that in time will become available. 

SUMMARY AND CONCLUSIONS. 

From what we have said we conclude that as regards coal we 
have inexhaustible fields of it on both sides of the range. 

That the fields on the western slope are the largest and most 
important in quantity and quality. 

That the northeastern field on the northeast side of the range 
carries an excellent ordinar}' and cheap fuel in its non-coking lig- 
nitic coah 

That the **lignitic" type of coal constitutes onl}- a small frac- 
tion of our coals, the bulk throughout the state being bituminous. 

That the southeastern or Raton field, from Canon City to Trini- 
dad, carries a bituminous coal, one-half the area being coking, the 
remainder domestic. 

That the southwestern or La Plata field across the range, is of 
much the same character, producing both domestic, bituminous 
and coking coal. 

That the northwestern or great Grand River field bears the great- 
est varieties of coal — bituminous, coking, some anthracite, the 
bulk of it being domestic non-coking coal. 

That there are still large areas of coal fields but little explored 
or developed. 

That the bulk of our coal is a first-class bituminous domestic 
coal. 

That there are considerable areas of coking coal, producing coke 
equal to Connellsville, Pa. 

That the areas of anthracite are limited. 

That we have abundance of excellent coal of various kinds, 
easily accessible and easily worked, and thus of necessity, fuel in 
Colorado is cheap. 

That the total area of Colorado coal fields is 18,100 square 
miles. 

That our coals are the equal in quantity and qualit}' to those of 
any State in the Union. 
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That we stand fifth at present in the rank of coal-producing 
States, and that there is a greater future before us. That our coal 
resources are inexhaustible and will outlive our precious metal re- 
sources. 

That as regards Natural Gas we have indications of it in sev- 
eral parts of the state, but at present the only localities where it 
appears to be in commercial quantities, are on White river and 
Buzzard creek in the northwestern district of Colorado. 

That as regards Petroleum there are also indications of it in sev- 
eral parts of the state, but the only productive field is at present 
located near Canon City, and that the prospects of our industry 
in this commodity are quite as promising as were those of the 
early days of Pennsylvania and Ohio. 



PLEISTOCENE OF THE WINNIPEG BASIN. 

By J. B. Ttrrbll, M. A.,Ottawa, of ^he Canadian G«oloflrical Survey. * 
During the past two summers the writer has been engaged in 
examining the shores of lakes Winnipeg, Winnipegosis and 3Iani- 
toba, and at the present time when so much interest is being taken 
in the occurrence of former glacial lakes, a few notes on the 
Pleistocene beds of the Winnipeg basin may not be entirely out of 
place, in advance of a more detailed report to the Canadian Geolog- 
ical Survey. 

The basin of lake Winnipeg itself lies along the western face of 
the Archaean continental nucleus, the eastern shore being com- 
posed of gneiss, granite, altered quartz-porphyry, micaceous and 
hornblende schist, cericite schist, &c. , while the salient points of 
its western shore are chiefly composed of limestone, ranging from 
the age of the Trenton to that of the Hudson River or Niagara. 
Beneath the Trenton limestone is a thickness of one hundred or 
more feet of soft and almost incoherent Chazv sandstone, and it is 
from the area formerly covered by this sandstone that a con- 
siderable portion of the bed of the lake would appear to have been 
excavated. Between the salient limestone points, the west shore 
is chiefly formed of drift deposits. 

Lake Winnipegosis has a somewhat similar character, the more 
northern portion of its east shore being composed of low lying 
Silurian dolomite dipping slightl}' towards the lake, while the west 
shore is composed of drift or occasional cliffs of Devonian lime- 
stone. 

*(PabUsbed with the pemilsaion of the Director.) 
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l/flke ManiU>l>a U almost entirely enclosed by drift deposits. 

From the western side of these two latter lakes a gently 
rising plain reaches to the foot of the Hiding, Duck, and Porcu- 
pine mountains. 

Soutli of the area of the lakes a plain, generally thickly covered 
with alluvium, stret/rhes into Minnes^jta and Dakota. 

The escaqjment of the Pembina, Riding, Duck, Porcupine, etc. , 
mountains may be conveniently designated the ^^ Manitoba escarp- 
ment/' and the l>eds of which it is composed are, as far as is at 
present known, of Cretaceous age. At the close of the Cretaceous 
Period tliese l>eds, which now rise in places to a hight of 1 , 700 or 
1,800 feet atxive lake Winnipeg, must have extended a long dis- 
tance farther east, but with the advent of the Tertiarj' Epoch, a 
|>erio<l of elevation and denudation set in and continued without 
intermission to the close of the Pliocene. During this period the 
great north and south valley was formed, on the western side of 
which now rises the Manitoba escarpment, together with the 
afferent valleys of the Valley, »Swan and the Red Deer rivers. 

The history of this region during the first Glacial period is not 
at all clear, but the second Glacial period furnishes us with an 
abundant record, from which its story may be easily read. 

Jjct us examine separately, but briefly, tlic different pages of 
this record, beginning with that on 

Siriation. 

At the north end of lake Winnipeg the glaciation averages S. 
2^ W. , or nearly parallel to the shore, from William river to the 
mouth of the Saskatchewan. On Cedar lake, on its eastern side, 
the striation is S. 18® W., making straight for the ridge north of 
lake Winnipegosis, while on its western side, near the mouth of 
the Saskatchewan, the glacial stria* bear S. 39° W. On lake 
Winnipegosis the striae at its northeastern angle bear S. 23^^ W. , 
while a little farther down the east shore they have turned to S. 
\S^ W. Around the south end of the same lake they bear S. 2®- 
13« E. ; in Dawson Bay S. 42^-58^ W. ; in Swan lake S. 48°- 
53° W. ; in Retl Deer river S. 68°-78° W. These three latter 
courses show a set of the glacier towards the great valleys of the 
Swan and Red Deer rivers ; while those on the south and east 
sides of lake Winnipt^gosis indicate a movement parallel to the face 
of tiie escarpment. 

In tiie north westtMii arm of lake .Manitoba the stria? are bear- 
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ing southward, while on the eastern side of the lake, near Steep 
Rock point, their direction is S. 8^-13^ E. The granite islands in 
lake St. Martin are well striated in a direction S. 33® E. These 
observations all show that the glacier moved southward in the 
great Winnipeg valley, the direction of movement being clearly 
proved by the characters of many of the exposed and striated rock- 
surfaces. 

On the east side of lake Winnipeg, the general direction of 
glaciation has already been recorded by Dr. Bell as trending more 
or less directly out into the lake. Some instances of the occur- 
rence of two sets of striae have however lately been observed that 
would appear to indicate an earlier glacial movement more nearly 
parallel to the shore, though the earlier striae have been almost 
-entirely obliterated by the later. 

On Swampy island the general direction of striation is S. 52® 
W. , while another set of striae was found to occur under a mass 
of pebbles and boulders bearing S. 13® E. Mr. Panton has already 
recorded striae running in a similar direction on Black Bear island 
forty miles further south. * 

In lake Winnipegosis, where many striae have been obser\'ed, 
the islands and points of till and boulders lie in the direction of 
glaciation, and applying the same rule to the palaeozoic area of 
lake Winnepeg, where much of the country has not yet been ex- 
amined, the direction of glacier motion is seen to swing southward 
from the east shore, till at the mouth of the St. Martin (Little 
Saskatchewan) and Fisher rivers it would appear to have been 
about due south. 

South of the lacustral area in Manitoba, striae have been re- 
corded by Messrs. Panton* and Ilpham from Stonewall, Stony 
mountain and Little Stony mountain bearing S. 20®-25® E., ^ 
and on the Assiniboine river in Sec. 23, Tp. 9, R. 10, striae were 
lately observed by the writer on the surface of Niobrara marlite 
bearing S. 38® E. Farther south, within the United States, striae 
made by a continuation of the same great glacier have been re- 
corded by Pres. T. C. Chamberlin down to the northern boundary 

1 Notes on the Geology of some islands in lake Winnipeg by J. 
Hoyles Panton, M. A., Hist, and Sci. Sec. Man. Trans. 20, 1886, p. 6. 

2 Gleanings from Outcrops of Silurian Strata in the Redriver valley 
by J. Hoyles Panton, M. A., Man. Hist, and Sci. Soc. Trans. 15, 1884, 
p. 7. 

3 Report of Exploration of the Glacial lake Agassiz in Manitoba by 
Warren Upham. Can. Geol. Surv. Ann. Rep. Vol. IV, part E, p. 115. 
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of Minnesota, beyond which, in the vicinity of Des Moines, Iowa, 
was found the outermost terminal moraine of the glacier. * 

These numerous observations of distinct and characteristic 
glacial striae clearly show that a great glacier, or lobe of the 
Laurentide glacier, which for convenience may be called the Man- 
itoba glacial lobe, or glacier, moved south-southeastward across 
the lacustral plains of Manitoba, along the valley of Red river to 
the hight of land, and onward to near Des Moines, Iowa, send- 
ing oflf branches up the valleys of Swan and Red Deer rivers. The 
total length of the Manitoba glacial lobe, therefore, from the 
north end of lake Winnipeg to its extreme southern limit in Iowa 
would be about 850 miles. 

Moraines, 

The highest moraines at present known in northern Manitoba 
are those capping the summits of portions of the Duck and 
Riding mountains with altitudes of 2,500, 2,700 feet above the 
sea, or 1,800 to 2,000 feet above the surface of lake Winnipeg. 
A good example of this moraine is seen on the northeastern por- 
tion of Duck mountain, where it forms a barren, rugged district 
with conical hills often rising to a hight of 200 feet These hills 
are composed entirely of drift so thickly studded with Archaean 
boulders, that their crests have much the appearance of the 
rounded knobs of granite and gneiss east of lake Winnipeg, the 
likeness being made more striking by a thin and stunted growth 
of pine. When the writer passed over this region he had been 
preceded a year or two before by a forest fire, which had biu-nt 
over most of the hills and left them strewn with blackened 
sticks about the size of fence rails, lying irregularly over the mass 
of boulders. Very few deciduous plants had grown up to cover 
the surface, and there was nothing to veil the absolute desolation 
of the scene. 

No definite and well marked moraine has been traced along the 
face of the Manitoba escarpment below those just mentioned, but 
distinct moraines occur at elevations of about 1,300 and 1,500 
feet respectively in the valleys of the Swan and Valley rivers, 
which may represent the terminal moraines of subsidiary lobes of 
the Manitoba glacier. 

For a long distance eastward from the escarpment no moral nic 
hills are known, but it is not impossible that they may exist in 

» Terminal Moraine of the Second Glacial Epoch, by Thomas C. 
Chamberlln, 3(1 Ann. Rep. U. S. Geol. Surv. map, opp. p. 382. 
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places, for most of the country between lakes Manitoba and Win- 
nipegosis and lake Winnipeg is yet entirely unexplored. How- 
ever at many places on the shores of lake Manitoba, especially 
towards its northern end, and on the shores and islands of lake 
Winnipegosis south of Birch island transported boulders are scat- 
tered in great abundance, or heaped in high boulder-walls. The 
north side of the high and even ridge between lake Winnipegosis 
and Cedar lake, and the south shore of this latter lake, are also 
composed to a considerable extent of erratics. It is not improb- 
able, therefore, that these boulder-strewn tracks may represent 
periods of cessation in the retreat of the glacier, but' the morainic 
debris was dropped into lake Agassiz, and scattered more or less 
thickly over its floor. 

On the shores and islands of lake Winnipeg a distinct moraine 
has just been recognizecl. It forms the high land on the eastern 
side of the lake between the mouth of Brokenhead river and Elk 
island ; crosses Black island near its northeastern extremity as an 
irregular, knolly ridge with a summit one hundred feet above the 
water ; thence skirts the eastern margin of the lake, touching it in 
places, and was again recognized at Plunkett and Swampy islands, 
being there composed of an aggregation of boulders of Trenton 
and Archaean rocks. Many of the islands to the south of these 
two last mentioned are also probably morainic, but they have 
not vet been examined. 

North of Swampy island this moraine has not been followed, 
and as it was doubtless deposited in a considerable depth of water, 
the material falling from the face of the glacier was probably 
scattered over a considerably area. It is ix)ssible, however, that 
George's island may be formed by it, and Eagle island, near the 
northwest extremity of the lake, is clearly morainic. 

Shore Lines. 

Ancient shore lines occur throughout the district from a hight 
of 1,440 feet above the sea on north Pine creek on the east face 
of the Duck mountain to about 750 feet above the sea around the 
margin of lake Winnij)eg. In their southern extension, these 
ridges have already been described and classified by Mr. Warren 
Upham in his description of lake Agassiz. 

In the lacustral region they have been followed by the writer 
most continuously along the face of the Duck mountain where 
they form long, unbroken ridges of gravel or sand from fifty to one 
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hundred and fifty feet in width. The pebbles in the gravel are 
nowhere large, not having been met with as large as a hen's egg, 
and on the face of the Duck mountain they are beautifully assorted, 
becoming finer as the ridges are followed north from Valley river. 
At Drifting river they are about as large as pigeons' eggs, at 
Fork river about as large as peas. At Duck river the ndges are 
composed of sand. This gradual diminution of the size of the 
I>ebble8 was traced especially in the ridges that at the Valle}' river 
have elevations of 1,135 and 1,084 feet respectively. Farther 
north, along the face of the Porcupine mountains, the ridges 
wherever examined were composed of sand and fine gravel. 

Between the Manitoba escarpment and the lakes ancient beaches 
have been found in but few places, and in some of these they ap- 
peared to be discontinuous while in others they were not followed. 
At one of these places on Pine creek a well-defined ridge of gravel 
is determined by the old location of the Canadian Pacific Railway 
to have an elevation of 960 feet. None of the beach ridges, 
however, are stronger than those around the adjoining lakes at the 
present day, and some spits and bars on the shores of these lakes 
are much larger than any of those seen around the basin of the 
extended glacial lakes. 

One of the most interesting monuments of ancient shore phe- 
nomina in the whole district is Kettle hill, on the south side of 
Swan lake. This lake has an estimated elevation of twent3'-8even 
feet above lake Winnipegosis or 855 feet above the sea, and the 
hill which api)ears to have been largely composed of Dakota 
sandstone rises 275 feet above it. On the face of this hill are 
five distinct terraces representing six diflferent shore lines at eleva- 
tions of 920, 955, 995, 1,015, 1,070 feet above the sea, those at 
955, 995 arid 1,070 being most strongly marked, the last l>eing 
the most distinct. 

On the north side of lake Winnipegosis the eastern Mossy 
portage is a gravel ridge rising at its extreme summit 93 feet 
al)ove the surface of that lake, or 921 feet alx)ve the sea. Just to 
the southward, the north shore of the lake rises to the top of the 
portage by thi^ee distinct steps 27, G3 and 93 feet in hight. The 
last is the summit of the ix)rtage ridge, and the first is the summit 
of another well marked gravel ridge behind which is occasionally 
a trough ten feet deep, marking a shore line alx)ut 15 feet above 
tlie present hight of the lake, or 843 above the sea. This shore 
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ine is also well seen at Point Brabant and other places along 
the east side of the lake. When the water stood at this level lakes 
Manitoba and Winnipegosis were joined across the Meadow port- 
age, and the beach is therefore to be looked for around the former 
lake. It is probably represented by the ridge in the grove behind 
Manitoba House, though the exact hight of this ridge was not 
determined. On the line of the tramway at the Grand rapids on 
the Saskatchewan river four well defined ridges of rounded gravel 
occur at the hight of 140, 95, 90 and 80 feet above lake Winni- 
peg or 850, 805, 800 and 790 feet above the sea. 

At Ox Head, near the northeastern extremity of Black island, an 
ancient beach is verj' conspicuous at about forty feet above the water. 
On the south side of the island the beach is marked by a line of 
sand dunes, and on the north side a sandy terrace rises gently to 
a hight of fort}' feet and ends abruptly at the foot of a steep slope 
thickly strewn with boulders. On ascending this slope the land 
is found to rise to a hight of 100 feet above the lake and its sum- 
mit to consist of an irregular aggregation of knolls thickl}' strewn 
with lai^e boulders of gneiss, very few or none being derived from 
the immediatel}' adjoining and underlying Keewatin schists. This 
ridge is the summit of the Black island moraine which would seem 
to have been dropped here when the higher parts of the island 
were above the surface of lake Agassiz, as there is no sign of water 
action on the moraine above the line of the fort3'-foot beach. It 
is possible that the moraine may have been deposited about the 
water level, and that the water afterwards rapidl}' receded to a 
height of forty feet above the present lake. 

Delta deix>sits occur at the mouths of all the wide valleys open- 
ing into the west side of the lacustral plain, but unlike the delta 
of the Assiniboine they nowhere extend eastward beyond the 
general line of trend of the escarpment. 

Alluvium. 

The Red River valle}' south of north latitude 50° is thickly^ 
covered with alluvium, evidently thicker near the river than far- 
ther away from it, its thickness at Rosenfield being 125 feet, 
while at Morden, twenty-four miles farther west, and just at the 
foot of the Pembina escarpment its thickness is onl}' 15 feet. 

North of latitude 50° a soft blue alluvial clay overlies the 
Archaean rocks along the whole of the east shore of lake Winni- 
peg beyond Winnipeg river, ranging in depth from 5 to 80 feet 
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It is generall}' more or less distinctly stratified and at its base in 
many places contains transported boulders. It also foims the 
north shore of the lake as far westward as the base of the sand spit 
that bounds Limestone bay on the south. The western side of 
the lake has not yet been sufficiently examined to say to what 
extent the older deposits are there covered with alluvium. 

In the western portion of the lacustral basin Prof. Hind re- 
marked as long ago as 1859, speaking of the ** Big Ridge of the 
Assiniboine " which has been called by Mr. Upham the Ossowa 
beach, that ** between this ridge and the Assiniboine the land is 
eminently rich and fertile ; beyond the ridge north, it is described 
by the half-breeds as wooded, sandy and poor, " * Around lake 
Manitoba and Winnp^egosis, there is comparatively little alluvium, 
the countr}' in many places being immediately underlain by till. 

Lake Agassiz. 

In the absence of any evidence of a land barrier to the north 
and east sufl3ciently high to hold back the waters of the lake whose 
receding shore lines are marked by the beaches mentioned above, 
Mr. Upham has suggested that the water was held between the edge 
of the receding glacier of the Winnipeg valley and the Manitoba es- 
carpment, and to this body of water he has given the name lake 
Agassiz. As to the extent of this lake south of the present 
southern shores of lakes Manitoba and Winnipeg, nothing can be 
added at present to what is given by Mr. Upham in his recent 
report to the Canadian Geological Survey. Of the lacustral re- 
gion \er\ little evidence was at hand, and the generalizations from 
that evidence were clearly of a preliminary character. 

Instead of assuming that lake Agassiz at any time covered an 
area of 110,000 square miles, as stated by Mr. Upham, let ur 
consider the hypothesis that it was never at any time of enor- 
mous size, but rather that it was a belt of water, say as wide as 
lake Manitoba now is, lying along the foot or edge of the glacier 
and quite possibly with a lai'ge expansion towards the south. 
Under this hypothesis the lacustral area was covered with the 
Manitoba glacier while all the more elevated beaches were being 
formed, and how far south this glacial lobe extended at any par- 
ticular time it is impossible to say, since its foot was washed by the 
waves of the lake, and the coarser morainic material that dropped 

•Pap«*rs n'lativo to tho exploration of the country bt»tw«»LMi lake Sujk 
erior and tho R«hI river settlement, page 100, folio London, Gov., 1859. 
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to the bottom was afterwards covered with a sheet of fine alluvium, 
just as has occurred in the deposition of the alluvial clay on the 
east shore of lake Winnii)eg. 

While the face of the glacier was not far removed from the 
Manitoba escarpment, and when in places the highest beaches 
were in process of formation a sand delta was deposited in front 
of the mouth of Short creek in the depression now drained by* 
Valley river. While the sand plain was being formed here the fine 
material brought down by the river would, under ordinary con- 
ditions, have been earned out into the lake and have formed a 
fringe of alluvial clay which would now be found coverihg the 
lower country. This does not appear to have been the case how- 
ever, for but a few miles from the front of the sand plain of the 
delta, gravel ridges rest directly, or almost directly, on the till, 
and it is probable that the finer alluyium was spread out for a con- 
siderable distance north and south from the mouth of the old delta- 
forming river. 

As the glacier, in its intermittent recession, drew back from the 
escarpment, the lake followed it, dropping more or less suddenly 
from beach to beach, and probably being drained northwestward 
as well as southward. A northerly current in the lake or a con- 
traction in its width is clearly evidenced on the face of the Duck 
mountain by the gradually diminishing size of the pebbles of 
which the beaches are composed as they are followed towards the 
Swan river valley from the Riding mountain ; the general small 
size of the pebbles is also remarkable as larger pebbles and 
boulders are found in the underlying till. The absence or scarcity 
of boulders on these beaches has already been recorded by Mr. 
Upham and the writer, and has been adduced as evidence that 
lake Agassiz did not Jreeze over, but even then it is difficult to 
conceive why masses of ice laden with lx)ulders should not be 
thrown on the shore. Dr. Dawson has suggested that the water 
was at no time sufficiently deep to float icebergs, and it is pos- 
sible that this may be one reason for the difference between these 
old ridges and the present beaches of lake Winnipeg. The 
beaches are almost unbroken, and are nirel}' more than ten or 
fifteen feet in hight. These facts lead to the supposition that 
they had not been acte<l on b}- waves such as would be generated 
on a lake with an area of more than 100,000 square miles, for on 
the shores of an}' of the three adjoining lakes of comparatively small 
dimensions, higher beaches composed of larger pebbles are of com- 
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mon occurrence and are more or less constant^ broken by the 
waves. When the Manitoba lobe retired to the north and east of 
the countr}' now partially occupied by lakes Manitoba and Win- 
nipegosis leaving boulders thickly scattered over the surface, the 
water stood at least eighty or ninet}' feet above the present level 
of lake Winnipegosis, but it does not appear to have stood at this 
height for any great length of time, since, in the northern portion 
of the region especially, little or no alluvium has been deposited 
over the till and paleozoic rocks. In receding from this hight 
the water has left two moderatel}' well marked beaches, that 
fifteen or twenty feet above lake Winnipegosis being possibly rep- 
resented farther south by the Ossowa beach, and northeast by 
the highest beach at the Grand Rapids. During this and the 
succeeding period when the waters stood at the level of the triple 
beach at Grand Rapids, from 80 to 95 feet above lake Winnipeg, 
the ice foot appears to have extended down the middle of lake 
Winnipeg, and it was towards the end of this latter period that 
the moraine was formed across the summit of Black island. 
The ice then receded to the higher land east of lake Winnipeg, and 
there is no farther necessity for assuming an ice-barrier in that 
direction. 

The next time that the water came to a standstill it would 
seem to have been about forty feet above the present level of the 
lake, and the channel of drainage was probably through a wide 
valley extending northward from Limestone bay. 

It was during this last recession that the smooth glaciated sur- 
face of the archasn gneiss and schists on the eastern side of the 
Winnipeg basin was strewn with boulders fallen from the face of 
the glacier, and when the glacier had retired these lx)ulders were 
covered by and imbedded in a soft blue clay, in which have since 
been formed many thin disc-like calcareous concretions. This clay 
doubtless consists of the finer material brought down by the gla- 
cier, and spread over the adjoining lake floor by the action of 
the water. As far as seen, it everywhere lies on the smooth gla- 
ciated surface of the Archaean gneiss and schist, and is not under- 
lain bv till. 

From the al)ove considerations, which have been very briefly 
stateil, it would apjwar pn)bable that lake Agassiz was not at any 
time of very vast extent, but rather that it was a margin of water 
of varying width lying along the face of a great glacier which 
was retiring down a gradually declining plain. 
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ON A LEAF-BEARING TERRANE IN THE LOUP 

FORK. 

By F. W. Craoix, Topeka, Kansas. 

An interesting leaf-hearing terrane occurs in the Loup Fork 
Tertiary, on branches of the North Canadian, or Beaver creek, in 
the »* Public Lands." Its outcrops, so far as now known, are on 
the south side of the stream. The locality is near Alpine, and is, 
by wagon-road, between thirty-five and forty miles southwest of 
Englewood, Kansas, the nearest railroad point It has l>een 
known to the winter as a leaf-bearing localit}' since the spring of 
1888, from an impression of a large Platanus leaf preserved on a 
block of fine, white, chalk-like rock and which was presented to 
him by Mr. Henry Fares, with the statement that the locality 
abounded in fossil leaves and that fish remains occurred in the 
same deposits. 

In texture, this rock resembles certain fine, white phases of the 
Niobrara chalk of western Kansas, being quite free from the sand 
which, of a fine sort and in small proportion at least, is an almost 
invariable constituent of the lime-like variety of the Loup Fork 
rock known in western Kansas under the names of '* native lime," 
**poor man's plaster,"* *' gypsum," and "gyp." A sample sub- 
mitted to an eastern zor>Iogist, for microscopical examination, was 
reported to contain "coccoliths and rhabdoliths. " This report 
was unfortunately incorrect ; but on the strength of it, the writer 
provisionally referred the leaf-bearing chalk-marl of Alpinet to the 
Niobrara Cretaceous, regarding it as an example of chalk formed 
near land, and hence probably in water of moderate depth. 

In June 1890, the writer was for the first time able to visit the 
locality from which the leaf had been taken, and found that the 
supposed chalk was a lacustrine marl, yielding Planorlns, Sphce- 
rinm, crushed specimens of an Anodonta or Unio, and the scales 
and spines of percoid fishes. 

The slopes of the Beaver, in the vicinit}' of Alpine, are formed 
chiefly of Tertiary deposits, immediately underlaid by gypsiferous 
reil-beds, of supposed Triassic age, which crop out to the north- 
eastward in the Cottonwood canon and at the mouth of Crooketl 
creek, and again to the westward and southwestward on the 
Beaver and on Clear creek, near Beaver Cit}', the Clear creek 

♦This name is applied also to massivo gypsum in Harbor county, Kan. 
fBulletin Washb. Coll. Lab. Nat. Hist., Vol. :.», p. r,?.* 
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outcrops bearing a thick bed of massive gyp^suin. Loup Fork 
mortar-ledges, Ijearing teeth of Hippotherium speciosum, etc. , out- 
crop at man}' places, and Quartemary deposits, yielding remains 
of Mastodon f occur along the larger streams and draws. Sand- 
hills, produced chiefly b}' the decomposition of the Loup Fork 
mortar-rock and the drifting of its less soluble constituents, occupy 
a lower portion of the slope on the north side of the Beaver. 

The leaf-bearing marl has a number of outcrops south and 
southwest of Alpine. That especially examined is a rather steeply 
inclined bed, closel}' related stratigraphically to a ledge of ordi- 
nary' Loup Fork mortar which yields teeth of Hippotherium, It 
is more or less stratified to laminated parallel with its inclined 
upper surface. Lithologically it is a white calcareous to siliceo- 
calcareous rock, composed of 4nipalpably fine substance, and more 
or less indurated, according to the proportion of chemically com- 
bined silica. The purest parts of this bed have the earthy frac- 
ture, soft smooth feel, easily finger-smoothed surface, and general 
physical appearance of chalk. Other parts have a stony hard- 
ness and the texture of fine-grained limestone. Portions of neigh- 
lx)ring outcrops are decidedly siliceous, resembling in texture lith- 
ographic limestone, or even chert. The harder varieties, in 
keeping with their highly siliceous character, break with oonchoidal 
fracture. In the softer, and sometimes in rather hard varieties 
of the marl occur chert-like concretions, the larger of which reach 
a diameter of two or three feet These are usually sharp-outlined 
oblate spheroids of perfect symmetry, though sometimes irregular. 
They break with conchoidal fracture into exceedingh' sharp- 
edged segments, the fresh surfaces of which have the color of 
milk-trimmed coflfee, bleaching to white under the weather. 

Attempts at usmg the rock for building purposes, b}' selecting 
intermediate varieties, have proved unsuccessful. The softer vari- 
eties crumble ; the harder are too brittle, cracking into conchoidal- 
faced segments upon prolonged exposure to the elements. There 
occurs, however, in this district, still another phase of rock of the 
Loup Fork which is more like ordinar}' stone in its relation to 
practical purposes. This is a compact siliceo-calcareous breccia, 
almost entirely composed of broken shells and siliceous shell-casts 
of a species of Planorhis ; it answers fairly for well-curbing, foun- 
dations, etc. 

Certain ferruginous beds also were seen in this district, and are 
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presumably referable to the Loup Fork ; but these were not ex- 
amined closely. 

In the chalk-marl pix)per, and in the harder and softer phases 
alike, occur dicot3iedonous leaves, diatoms, fish-remains, and 
molluscan shells. In the midst of the best-observed outcrop, is 
a local parting or stratum of laminated chocolate-colored shale, 
the relation of whose laminae to those of the chalk-marl proves it 
to be a genuine member of the latter, and not an intrusive deposit 
of later date ; and in this shale, the writer found, together with 
molluscan remains similar to those in the chalk-marl proper, and 
two undetermined genera of aquatic or marsh-plants, the proximal 
end of an ulno-radius which is apparently referable to one of the 
Camelidoe, and in any event, to an animal as large as Procamelut 
occidentalism and which had the distal portion of the ulna and 
radius completely coOssified. This bone has the same chocolate 
color as is seen in the shale itself, and a tooth of Hippotherium 
speciosum, which was picked up in a gully in the marl-bed, shows 
a state of preservation and color so similar that it can only have 
come from the sanle shale. The 'ulno-radius itself, however, set- 
tles the age of the leaf-bearing marl. Whatever be the genus or 
species, it indicates an ungulate limb of such a kind and degree 
of specialization as, taken in connection with the size, would be 
inconsistent with its reference to any epoch earlier than the Loup 
Fork. That the marl is not later than the Loup Fork, its strati- 
graphic relation to the associated Loup Fork Hippotherium-bearing 
mortar clearly shows. 

The white marl itself contains a variety of leaves which are, in 
part, such as it is a surprise to find associated with late Tertiary 
mammalian remains, and which promise to shed some light on 
the age of certain Rocky Mountain leaf-bearing horizons. The 
forms of leaves thus far collected from the Alpine chalk-marls are 
identified as follows : 

1 — PlatanuM sp, indet , 2 — Platamis aceroides GOpp. 

3 — Salix angustata Al. Br. , 4 — Sapindus sp. indet. , 

b — Populus greviopsxs Ward, 6 — (?) Populus sp. indet. 

7 — Credneria daturoefolia Ward. 

Some of the leaf-impressions in this marl retain more or less of 
the lignitized woody material of the leaf, giving a black color to 
those in which a considerable amount of car)K)naceous substance 
is thus retained. 



32 The Aiaerrican Geologist, July, i8»i 

No. 1 is a very large leaf with obtuse teeth ; it measares eight 
and a half inches in breadth. No. 5 might be referred to Grevi- 
opsis popuUfolia Ward, as well as to the species to which it is 
here assigned ; and, indeed, the generic and specific distinctness 
of these forms seems doubtful. No. 6 is an ovate-cuneate form 
which bears no small resemblance to two somewhat larger leaves 
in the museum of Washburn College from alleged Laramie beds 
at Trinidad, Colorado. The identity of No. 7 with the species 
which Ward has described from the white marl bed forming the 
summit of the '*Fort Union " beds of Seven-Mile creek, Montana, 
under the name of Credneria daturcefolia^ admits of no question, 
whatever doubt may exist as to the propriety of referring the 
species to the genus Credneria. 

The occurrence of this species in the Loup Fork Tertiary is of 
unusual interest. In Volume I. of the Fortieth Parallel Reports, 
published in 1878, King wrote, "I apprehend that the plant hori- 
zon at Fort Union will be found to be nothing but the northward 
extension of the White River Miocene. " Whatever be the age 
of the lower part of the Scven-^file creek beds, the occurrence of 
Credneria da/urcp/oUa in the Loup Fork indicates not only that 
the white marl cliff which forms the summits of those beds is 
probably referable to an epoch not earlier than that indicated by 
King, but that it may well be reexamined with a view to its pos- 
sible referability to the Loup Fork. 

A curious palseontological feature of the Alpine chalk-marls is 
the apparent evidence of a certain degree of brackishness in the 
waters of the great lake. 

Following are the names of the diatoms identified by Rev. Fran- 
cis Wolle, of Bethlehem, Pa., in a sample of the marls sent him, 
together with his notes on the habitats : 

CytnhelUi cistuUi Henipr. — More frequently fresh-water than brackish. 

XavicuUi pcregrtna. — Brackish water. 

** tcJicUa Breb. | These two may be forms of Sehizonenui; 
** l^incajUitAi Ktz. ) hence marine. 

Co8vinodUteii8 woodwardl Eilenstein. — This is the most decidely ma- 
rine. 

^fcU)M^r^t grnnuUiUi (Ehr.) Ralfs. — ]3racl<ish or marine water. 

The Loup Fork calcareous sandstone has been universally called 
a fresh- water deposit. This view is no doubt essentially correct ; 
yet the influence of the gypsiferous and salifcrous '* red-beds'* 
floor of the Indian Territory district of the lake may have im- 
parteil locally a somewhat brackish character to the lake-water. 
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THE OZARK SERIES. 

By G. C. Broadhead, Columbia, Mo. 

In the Geologist for January and September 1889, the Ozark 
plateau was discussed by myself as to its elevation and extent. 

In the Missouri geological report, 1855, Prof. G. C. Swallow 
published a vertical section of palaeozoic rocks, which has suf- 
fered but few corrections. As corrected, it is about as follows: 

Upper Carboniferous 2000 feet 

Lower Carboniferous to base of Burlington ^ . 1145 '' 

Chouteau group 205 

Devonian 125 

Upper Silurian 175 

Hudson River group 165 

Tienton and Black River limestones 360 

MAONESIAN LIMESTONE SERIES. 

First Magnesi an limestone 190 *' 

First or Saccharoidal sandstone 125 " 

Second Magnesian limestone 230 

Second sandstone 70 

Third Magnesian limestone 350 

Third sandstone 50 

Fourth Magnesian limestone 300 

This series of magnesian limestones is known in Missouri by its 
numbers; the ** First" is rarely found in central-southern Missouri, 
excepting on the most elevated points, but it is better developed 
in the counties bordering the Missouri river, occurring as a gray 
or Ijuff or drab limestone, sometimes oolitic as near Horifie in Jef- 
ferson county, or abounding in Cythere suhhvvis^ as at Pacific, in 
Franklin count}*. The First, or Saccharoidal sandstone reaches 
its greatest thickness near Augusta, St Charles county, where it 
is 133 feet thick. A corresponding thickness was recorded in the 
boring at the Insane Asylum, St. Louis. Its upper part is white 
and pure silica, its lower part often colored brown. It is the 
equivalent of the St. Peter's sandstone. The only evidence of 
organic remains found in it is a large Orthoceras, about 8 inches in 
diameter. 

This sandstone is valuable as a material for glass-making, and 
the glass-works at Cr3'stal City, in Jefferson county, are located at a 
favorable outcrop. The Second Magnesian limestone is well ex- 
posed at Jefferson City, and includes all the strata in sight at that 
city. The lower beds are thick and cellular, the small cells filled 
with a white powder, or else empty. Alx)ve these there is a good 
deal of chert occurring mostly in a concretionary form, together 
with some shale, and earthy drab-colored magnesian limestone 
beds, locally .called '*cotton rock." But a small per cent, of this 

3 
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is suitable for building. Fossils are not abundant. Those found 
area Lingula (like L. prima Hall) an Oj^hihta^ and Phurotomaria. 
At the base of the hill at Hermann, a trilobite (probably Cono- 
cepliaUtcs)^ an Orthis^ &c. , were obtained. 

The Second sandstone occupies the tops of the hills in Madison, 
Washington, Reynolds, and some other counties, and is apparently 
replaced b}- certain chert beds in those counties. This sandstone 
is coarser than the First sandstone, and is often slightly colored 
with iron, and is often a firm, solid rock, useful for building pur- 
poses. The Third Magnesian limestone occupies the base of 
nearly air the hills of southern Missouri, sometimes reaching to 
the hill tops. It occurs chiefly in thick beds of coarse, gray dolo- 
mites, or finer textured fiesh-colored layers, the latter sometimes 
as much as 20 feet thick between the bedding planes. The coarse 
gray dolomites often disintegate and weather into rough surfaces, 
and at the lead mines decompose into dolomitic sand. 

The Thinl sandstone was recognized by Prof. Swallow, on the 
Osage and Niaugua rivers, in Camden and Dallas counties. 

A part of this series may be referred to Prof. Dana's Canadian 
period. 

The First Magnesian limestone lying below the Trenton group, 
may be Lower Silurian, and some have considered it to be 
of the age of the Chazy; in the absence of fossils it is not ea^ to 
assign it to its proi)er place. The series below, including to the 
base of Second sandstone, and probably part of the Third Mag- 
nesian limestone, may be considered of e<iual age with the Calcif- 
crous of the New York system. The Lower part of the Third 
Magnesian limestone may probabl}' be of the age of the Potsdam, 
and the other strata below seem certainly to be of Potsdam age. 
The Second Magnesian limestone and the other series below to 
the Archaean seem to correspond with the description and position 
of beds referred to the Upper Cambrian by Mr. C. D. Waleott. 
So, whatever may be the true geological position of this series of 
rocks, the}' belong to different perioils of geologic time. I there- 
fore, for this reason and from the similarity of the composition of 
the rocks, think best to place them in one series, and call that great 

series 

*'THE Ozark Sehies" 
Distributed as follows: 

First Magnesian limestone. 

First or Saccharoldal sandstone — St. Peter's sandstone. 

Second Magnesian limestone. • 
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Second sandstone. 

Third Magneslan limestone. 

Third sandstone. 

Fourth Magnesian limestone. 

The term Magnesian has been applied to rocks of other ages, 
and, for that reason, has not been well taken. The term Ozark, is 
peculiarly well adapted, for it includes rocks that are not only 
found amid the Ozarks, but are there better developed. 

In south-eastern Missouri certain members of the lower part of 
the series are wanting, and the Third Magnesian limestone is not 
well separated from a lower limestone which may be the equiva- 
lent of the Fourth. The lowest rock near Mine La Motte is a 
sandstone which, near Fredericktown rests directly upon granite. 
There are also occasional exposures of a variegated red, purple, 
buflf and drab marble whose position is above the sandstone. 
Above the marble beds are gritstones and magnesian limestones 
and dolomites which are the lead-bearing rocks of Madison and St. 
Francjois counties. These lower limestones contain Lingulella 
lamhorni of Meek at several places. If that fossil is of Potsdam 
age, then these lower limestones and sandstones are of Potsdam 
age. The marble beds have occasionally furnished beautiful 
polished slabs of marble. Nearly 35 years ago Mr. Henr}' Cobb, of 
St Louis, had a quarry of it opened near Ironton, in Iron county, 
and attempted to bring it into notice. He termed it " Ozark ' 
marble, and in deference to him I will still use the name. The 
series in Iron, Madison, and St. Francois counties is as follows: 

Ozark Seriis. 

Second sandstone — on hill-tops with chert 125 feet 

Third Magnesian limestone with chert and quartz. . . 225 " 

Gritstone and Lingula beds 50 ** 

Ozark Marble beds 25 " 

Lower sandstone and conglomerate 90 *' 

The above series rests on Archaean ix)rphyries and granite. 
University Columbia, Mo., April, 1891. 



SOME RECENT GRAPTOLITIC LITERATURE. 

By R. R. GuRLEY, U. S. National Museum. 
Besides several minor papers* the graptolitic literature of 1890 com- 

•De Rouville. Prof. P. G. Note sur le presence du Pleurodictymnprohlematicum 
dans le Devouien de Cabriereij et Hur uii nouvel horizon de uraptoUtes daiu$ 
le SiluriCn de Cabritres: Bull. Geol. See. France, XVIII. pp. 196-07 (Notes dis- 
covery of an Ar^nifi^ fauna). 

Dodire, W. W. Some Silurian Graptolites from Northern Maine; Am. Jour. Sci., 
XL, pp. 153-56 (Note8 occurence of the Norman's Kill fauna in Penobscot 
County). 

Nich<>l8on, H. Ollphant. Notes on the discovery of Triaonograptus enfiformis. 
Hall (sp.) and of a variety of Didymograptus V-fracUu Salter in the Skiddaw 
elates ; Geol. Mair. VII. pp. 340-44 (Describes u. V-fractut var. rolucer, var. 
nov.). 
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prises four papers of some length, an abstract of which is attempted in 
the following pages. As will be seen all arc the work of foreign 
authors. 

Ucber (JUts alter d, Sogen Graptolithen'Oestcifis mit besonderer Be- 
rilcksichtigu'iig tier in denselbeii eyithaltencti Oraptollthcn; by Otto JdkeL 
Ztschr. d. deutache geol, Ges., XLI, pp. 653-7 Id : Berlin 1890. 

The Gestein, the author tells us, belongs unquestionably to the Upper 
Silurian. The only question is as to its exact horizon within that sys- 
tem. After reviewing the opinions of previous workers he expresses 
his belief that the Graptolithen-Gestein tlnds its equivalent in various 
horizons of the Wenlock Shale. 

The Graptolites of the formation are next considered. At the outset 
(p. 660) the author mentions Barrande's division of the Graptolites into 
the one-rowed and two-rowod. He further tells us that all true Grapto- 
lites are still classified in accordance with this scheme. This state- 
ment does not indicate a profound acquaintance with the later grapto- 
litic researches and especially with that masterly series of memoirs 
which has made Professor Lapworth's name to the present generation 
of graptolithologists what those of Hall, Barrande and Geinitz were to 
the preceding. Indeed we have hardly met with another recent paper on 
this group from which the name of Lapworth is so conspicuously ab- 
sent. Correlated with this peculiarity is the slight esteem in which the 
author holds the sicula, which might not inaptly be termed the organ 
of Lapworth, so closely is it associated in the mind of the graptolitholo- 
gist with his researches. In short, throughout the whole memoir the 
subject is treated from the standpoint of Nicholson^s Monograph of the 
British Graptolitidte, a work which represented the high water-mark of 
the science at the time of its publication (1872) but which, we are sure, 
its own author would not recommend to Herr JSkel as a modern text- 
book on Graptolithology, so great has been the progress of our knowl- 
edge during the last eighteen years. 

Returning to the text we find that, apparently misled by the fact that 
MonograptuSj Geinitz, has obtained currency to the exclusion of Mono- 
prion, Barrande, in defiance of, and not In accordance with, the rule of 
priority, Herr Jiikel tells us that: **The generic name Monograptus 
previously employed by Geinitz has been used by the later authors in 
place of Monopriun of Barrande and in the same sense as the latter."* 

We regret to find ourselves as little able to agree with Herr Jiikers 
views as to the conditions of life of the Graptolites as we were to admit 
the correctness of the statements quoted. Ho discusses at some length 
the subject mentioned and concludes that the true Graptolites must have 
been fixed. His reasons for this divergence from what wo take to be 
the consensus of two generations of observers is his inability to under- 



• M. Barrande deHcril)e<l DiprioiiMuX Movoprion in 180O. In 1852 Dr. Geinitz, 
reniurkiiiK that Diprionwas preoc'ciipit'd.tMnpioyt'*! Profefwor M'Coy'.s term IHplo- 
i/ravtntt in its plaro. In this roiiiiertioii ho said that Monoprion must be changed 
Xa^ SlonoaraptHiU>v\\M\\\o\\y {EknkUniu). \A\ivr the iM)\vt*rfuI intluenceof Prof. 
I^ipwortli lias stTured its n»tentioii. Iio arives liis reasons for favorinic it instead 
of Barrande's name (which lie admits has priority) in his memoir on the Scottish 
Mouogniptidie ((reol. Mate.. 187G, III. pp. 310-11). It is probable that LomatoceroM 
(Brown, 1835-7, Leth. GeoRu. I, pp. 56-6), .should siiiiercede them all. 
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Bland in what way the heavy polypary could have been moved. Wave 
action being excluded ( *Hhe Qraptolites were deep-sea dwellers" ) flota- 
tion could only be secured, he argues, through swimming movements of 
the zooids or by the possession of a hydrostatic apparatus. The possi- 
bility of movement by the former means is regarded as very improbable 
in view of the independence of the cells, their opening upon one side 
only, and the form of the stem on the other side. No less improbable, 
he thinks, is the assumption of a hydrostatic apparatus. It is asserted 
that such could only have been the central disk. Herr J&kel rejects the 
possibility of such a view of its function as the cells would necessarily 
have been directed downwards, a condition which, he tells us, has never 
been observed in the analogously constructed living colonies. 

On the other hand, by assuming these organisms to have been^xed we 
can, he thinks, form a ** simple and natural picture '*of the genus Dicty- 
<mema with the ** cell-less net" imbedded in the mud and the cell-bearing 
branches projecting with the cells directed upward. Possibly this may 
possess the merit of simplicity, but the fact is that the ''cell-less net *' 
has no existence. If Herr J&kel will consult BrOgger*s memoir* 
he will find that the branches in Dictyonema are thecaphorous 
along their whole length; although they may apparently lack thecee in 
any portion from unfavorably directed pressure. The central disk is 
al$o by Herr J&kel regarded as mud-imbedded. 

The sicula receives little notice. It indeed furnishes opportunity to 
•quote Professor Nicholson's Monograph again to the effect that the 
radicle ( sicula) was present certainly in some and probably in all cases. 
We are then told that ** when this probably shall have been actually 
made credible through numerous and not as heretofore by *some cases,' 
I would ask whether this organ may not bo regarded as the foundation 
of the stem and have served for preliminary imbedding until, the lateral 
spreading of the * cell-less root ' or a broad disk moored it securely.*' 
Considering the overwhelming mass of evidence showing the sicula to 
be the embryonic stage, so to speak, of the graptolite, it is only neces- 
sary to remark that in some genera the sicula is so imbedded in the 
substance of the polypary that it could not have been stuck in anything. 

For his next theory the support of Prof. Hall's authority (under date 
of 1865) is invoked. This time it is a revival of the view that the 
Monograptidse are fragments of compound forms; another defunct 
hypothesis which,natural enough for the date at which Prof. Hall wrote, 
lacks the slightest trace of support from later investigations. 

We arrive now at the proposed subdivision of the genus Monograptus. 
We are here reminded very strongly of the methods of securing a change 
of dynasty in vogue in some of the South Sea Islands. When a king 
becomes aged he is told by his son that he in his turn wishes to mount 
the throne. The old monarch acquiesces and a funeral procession is 
formed which escorts him to his grave. Some such custom seems about 
to bo introduced into our midst. With regard to Herr Jftkol's proposition 
to divide the genus MotwgraptHS we have nothing to say. It is not the 

sBntKger, W. C. 1882. Die silur Etagen 2 & 3, im Kristianiaffebiet. 
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division, but Herr Jakel's mode of dividing that excites our apprehen- 
sion. Instead of the customary gemmation we are introduced to a pro- 
cess of nomenclatural fission which we confess is new to us. Its chief 
characteristic seems to consist in the entire disappearance of the original 
genus. We cannot but pronounce it a most flagrant violation of the 
rules of nomenclature. 

The genus Pristloqraptus (one of the two unnatural offspring which 
have thus devoured their parent) is characterized by an axis straight or 
bowed outward, a free mouth opening formed at the expense of the bev- 
elled upper lip ; thecal processes when present are found upon the under 
lip. 

In Pomatograptus (gen. n.) on the contrary the axis is straight or 
curved fnward, the mouth opening small under the over arching upper 
thecal lip. 

Herr Jjikel closes his remarks upon classification by the followinjc 
italicised paragraph : 

''This hujhly interesting case (the above 'parallel^) ivith vnany others 
shows that tfie one-rowed and more-rowed Graptolites are not systematic- 
ally separable but are to be classified phylo genetically and naturally from 
a higher point of tueir." 

The description of Retiolites which is perhaps the least faulty portion 
of Herr Jakel's article terminates the section devoted to Graptolites. 
At the outset Ilerr Turnquist* feels compelled to except to the author's 
statement. He says: Little if anything is added to our knowledge of 
the generic structure beyond the points elucidated by the Swedish 
paleontologists during the previous decade. We need only mention the 
author's proposition to classify Retiolites geinltzlanns along with Prlsto- 
graptus (Monograptus). 

Herr Jiikel tells us (p. 606) that after acquainting himself with spe- 
cial literature of the Graptolithon-Gestein he found it impossible to in- 
form himself with regard to the "almost numberless" species on record. 

While kuowiiiif little of tlie Moiiograptidae we detect some signs which tend 
to make us suspicious of the new genera. Herr Jiikel believes that a classifica- 
tion based (principally at least) upon the characters of the mouth opening could 
be applied with advantage to all graptolites, inchuling "the two and more 
rowed." (p. 6G6.) Again; "All the various types of Monograptids find parallel 
forms as well among the two-rowed as among the compound forms." Rather 
unfortunately we think, he continues; "A very remarkable example is furnished 
by Monograptus testis. Harr. which with its aberrant peculiarities possesses its 
corresponding parallel form in Didymoumptits himucronatus Nich.. and Didymo- 
graptus quadrimncronatiis Hall" (p. G05). Further reading (p. 676) shows tliis 
parallel " to consist in the possession by M. testis of ttvo spijies on the under lip. 
This peculiaritv the author regards as worthy of generic (fistinction. Provision- 
ally it is left under Pristio graptus but he remarks tliat if the remaining graptolites 
should be classified along the lines lie lays down this should form the type of a 
new genus. We confess to having little sympathy with such genera. 

iTornquist. Sv. L., 1800, Undersukningar ofv. Siljansomradets Grapt., p. 7. 

"The very first lines relating to that genus [Retiolites]. 'Although the general 
structure of Retiolites geinitzianus liad already been quite correctly recognized 
and very aptly figured by Barrande and Siiss, it seems to me* etc.. seems rather 
incomprehensible, since it is known that Barrande and Siiss entertained entirely 
different conceptions of the structure of that genus and how sharply the former 
protested against the hitter's interpretation of its rhabdo.soma. The author seems 
to have taken no cognizance of what has been written in recent times on this 
matter, for example, in as important a work as TuUberg's *Skanes Graptoliter.' " 
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This we can well understand as the literature is quite large. Such ac- 
quaintance is however, no less a nine qiui non for successful specialistic 
work in the graptolitic field than in other departments of science. 

The following new species are described : PristUfgraptus fre^iiicns, 
Pomatograptus psefidoprion, and P. microp(jma. 

Die GraptolUhen d. k. mineralog. Museum in Dresden, by Dr. H. B. 
GeiniU, Mitth. k. min. geol. u prcehistor. Museum in Dresden, IX 
C asset, 1890. 

After many years spent in varied paleontological researches, Dr. 
Geinitz has once more turned his attention to the Qraptolites. 

The present work is, he tells us, of the nature of a revision in the 
light of modern investigations of the material which formed the basis 
for his valuable Monograph of 1852. ^ 

The Nereograpti are omitted in the present work. Those forms with 
an unsegmented canal as N. cambrensis, Murch., Dr. Geinitz still con- 
siders nearly related to the living Pennatulines {Virgularia jufi<x>ld€Sy 
Blainv. and Funiciilina cylindricd Blainv.) Those with a segmented 
canal are regarded as allied to the living Nereis and Phyllodoce, while a 
large number of the forms are ( as shown by Nathorst and others) to be 
considered tracks, etc., of worms. 

We notice that the author includes Rastrltes ( also Jakel's new genera 
PristiograpLus and Ponuitograptus ) under Monograptus. Concerning 
the propriety of this arrangement we have no opinion to offer as our 
experience with the family Monograptidie is practically nil and we only 
note the author's synonymy as it accords with his original views and 
differs from the consensus of present writers. 

More important, it seems to us, is the refusion of such genera as 
Climacograptus and Dlm^rphograptus with Dlplograptus which thus 
again tends to include a series of forms whose only similarity is the 
possession in common of a double row of hydrothecae. DinwrphfHjraptus 
seems, ( so far as we can judge from the studies of others ), to be a true 
transition from the Diplograptida; to the Monograptida?. It is of the 
greatest importance in showing us the futility of classifications based 
solely on the possession by some part of the polypary of a single or 
a double row of cells. Before the discovery of the forms included in 
this genus the Dichograptidac were looked upon as the ancestors of the 
Monograptidae and were even considered monograptids solely because 
the hydrothecae occur only on one side of the common canal. The 
modern improvements in classification form the corollary to recent 
researches upon the life history of the graptolites, and are in large part 
based upon the relation of the sicula to the remainder of the polypary. 

Relative to Climacograpus we must, while entertaining the highest re- 
spect for Dr. Geinitz dissent almost in toUj from the following passage: 

" Little reirard is here taken of the scalar! forms of varioits Grapotolites (origri- 
nating throufirh compression of the horny tiextble polyp-stem) wliicli Hall has 
united into the ^enus Climacoi/raptuA since its possession by safely determinable 
species is little assured." 
The genus Climacograptus is by no means (as one would infer from the 

•Geinitz. H. B. Die Versteineninfiren der Grauwac ken form, in Siichsen, etc., 
Abtli. 1, Die Graptoli then ; Leipzit;. 1852. 
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above), founded upon, limited to, or in any specific way characterized by 
or connected with scalariform impressions. These impressions are com- 
mon to many genera but these genera do not for that reason become 
synonyms for Climacograptus as defined by its author. The charac- 
ter by which Climacograptus is principally distinguished is the depres* 
sion of the hydrothecal mouths below the surface of the polypary. 

Passing rapidly over that portion of the memoir which deals with 
synonymy we are glad to see Stephanograptus, (Geinitz, 1866), noticed 
as having clear priority over both CoRrwgrapUis (Hall, 1868), and Helir 
coQraptus ( Nich., 1868), as its Just claims have heretofore been Ignored. 
Like the other genera mentioned it was founded upon 8. gradlfSt Hall 
Oraptolithus, 

We regret that Dlcellngraptua Hopk., has not fared better than Clima* 
cograptus. The definition given of Dldymograptus is '^From a mostly 
short stalk (the sicula), extend in two opposite directions, sometimes 
nearer, sometimes farther from each other, Monograptus-like branches.** 
Under it is Justly included (and the author includes) the two genera 
Didymograptus and Dicellograptus which are universally, and we believe 
most justly, regarded as belonging to two exceedingly distinct families. 
But the definition seems to us entirely too comprehensive. 

Amid the wreck of genera we are glad to recognize our old friends 
Phyllograptus and RetiolUes and to meet again on the excellent plates 
which accompany this work the assemblage of forms which has become 
classic through the labors of the two pioneers of graptolithology, Geinitz 
and Barrande. 

Undersokningar ofver Siljaiisomradets OraptolUer by Sv. Leonh. TorU' 
([Ulst. {Liuids Uiiiv. Arsskrfft torn. 26.) 

Previous writings are first passed in review. From forty species in 
1881 the number has been increased by a score. 

The order of the strata is as follows: 

MKMBEB. STRATUM. 

LeptaMia limestone? Leptaena limestone? 



Rotiolites slate 



Tri nucleus member 



♦True retiolites slate. 
, ♦Transition stratum. 

Rastrites slate ♦Various zones of Rastrites slate. 

Kllng limestone Kling limestone. 

f Red Tri nucleus slate. 
C»rey limestone. 
Black Trinucleus slate. 
Masur limestone. 

Bryozoa limestone. 
Chasmops limestone -{ Cystid limestone. 

♦Flag limestone. 

♦Upper srrey Orthoceras limestone. 

Upper red Orthoceras limestone. 

Low«*r grey Orthoceras limestone. 
I Lower red Orthoceras limestone. 
[^♦Phyllograptus slate and green limestone. 

r\x^ I 1I-. ,*^ i Obolus gravel limestone. 

Obolus limestone ] Q^^^^^ conglon.erato. 

♦Have yielded graptolites. 



Orthoceras limestone 
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The Rastrites slate is undoubtedly capable of subdivisions but the data 
are defective. A provisional arrangement of zones is proposed. 

The author is disposed jto question the received opinion that the 
graptolites are closely related to the Hydrozoa as difficult to reconcile 
with the structure of Retiolites as set forth by himself and Tull- 
berg. Relative to the structure of that genus ( R. gdnitzianuB ) the 
views of the author are in complete accord with those of Mr. Holm 
given above. The relation of the last named species to Stomatograptus 
tamiiuiati, Tullberg is shown and the identity of Tullberg*8 species with 
ReUolites grandU SQss, is established by comparison with specimens 
from SQss*8 type locality. ReUolitea obeavs Lapworth he thinks should 
probably form the type of a new genus when better material is obtained. 

Passing rapidly over descriptions of species which possess little inter- 
est except for specialists we note the suggestion of Herr T5rnquist that 
the genus Didymograpttis be made the type of a new family, the Didy- 
mograptldss. It differs from the compound dichograptids in having the 
sicula divided by a distinct wall from the two branches while in the 
dichograptids the sicula merges without distinct boundary into the 
thecaphorous hydrosoma. In Didymograptus moreover the branches 
are given off at different levels reminding one of the alternation of 
theca-formation in the diprionidian graptolites. Further on (under 
Phyllograptus denauSt TOrnq.) we find that the theca in PhyllagraptU8 
are inserted at the same level in whorls of fours. The structure in this 
genus is that of four monoprionidion polyparics soldered back to back. 
No distinct virgulae were observed. The author thinks some specimens 
show a sicula with the point thrust up into the proximal thecal cycle, 
but adds that this requires confirmation. 

Besides the above outline which contains the gist of such parts of 
Herr TOnquist's paper as are calculated to interest the general reader, 
this excellent essay abounds in descriptions which well sustain the 
character of the Swedish graptolites writings for accuracy of specific 
definition and painstaking morphological study. 

The new species are : Clonograptus rohustus, Tetragraptu8 curvatu8, 
Dldumograptxis gracilis, D. decens, Climacograptus intenexus, Diplo- 
Qmptus bellulus. In addition to these many previously described forms 
are figured and their synonymy considered. 

OoUands Oraptoliler, fiy Gerhard Holm; Dihang tUl K. Sv. Vet. AK. 
Handl,, 1890, XVI, Afd. IV, Xo. 7, , 2 pis. Also Reprint, Stockholm, 
1890, 

This excellent paper contains the results of the author's studies of the 
graptolitic material from Gotland added to the State Museum, since the 
publication of Linnarsson's paper of the same name eleven years ago. ^ 

Linnarsson knew of but three species of Graptolites occurring in Got- 
land. Tullberg and Lindstrom subsequently increased the number to 
five. Mr. Holm has added three more so that the list now stands as 
follows: 

'LinnarsMon G. Of v. K. Vet. AK. Forh., 1879. No. 5, pp. 3-12. 
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Dktjoii^]Ba ©ervkxim^ {«p. n. i llooorrtpias 5obcofai<>uss. ITimq. 

EHct^OQ^ma ftboorm^- < «p. o. i llooocraptuf dal^QS. Sq$^ 

lloDo^aptufr priodon Bronn. llonocraptas sp. 

llooofr&ptuf priodoD tit. flemioflL, Retiolite$ ceinitxiaiif». Barr. 
SaJUff. Retiolites D&$sm($p. d.) 

Folioving io the track of Dames* and Br6cf«'r*< researches the author 
diAcuMes the i^tractare of the geoiis Dhct^ntma. Particalarlj apt 
feemt to as his Tiews regarding the heterogeneoos natore of the species 
usually referred here. For example we find in ihis geous a species 
( D. fkihelHforme ) which is undoubtedly ncnlate^ associated with species 
most of which are probably, aud some of which are certainly not so. 
As he remarks the ( for graptolites ) unprecedented Tertical range of the 
genus furnishes additional reasons for suspecting some of the generic 
references. We may, however, note that the siculate and non*siculate 
types occur at one and the same horizon. But a generic division cannot^ 
as Mr. Holm says, be satisfactorily established until the species are 
more thoroughly known especially in the proximal portion. 

Under the description of D. Ofrrieornc we are introduced to one 
of the most beautiful elucidations of graptolite structure that we 
have ever seen. The author imbedded a specimen in Canada balsam 
face down upon a slide, and then removed the limestone matrix by solu- 
tion with acid. Part of the wall of the funnel-shaped polypary was 
thus obtained in full relief with the parts in their normal relations. 

The thecie are seen to form one vertical row and to terminate in a 
long hay-fork like spine. Situated alternately on the two sides of 
these spines ( and thus forming two vertical rows) are peculiar cup- 
shaped bodies, ( **by-thec«**) which are compared by the author to 
bird's-nests. They are divided from the thei^je by a wall. It could not 
be ascertained whether any connection existed between these by-theca> 
and the adjacent theca?, or whether the former communicated with the 
common canal. He suggests that they may be gonangia. It is owing 
to this arrangement of the ihecie in one vertical row along the inner 
face, and of the by-thecae in two vertical rows along the lateral faces of 
the branch that when looked at from the side the branches appear 
serrate on account of the tbeca? and when looked at from without the 
thecal are invisible being hidden by the branch, which latter presents a 
zig-zagged appearance owing to the alternately projecting? by-thec» on 
either side. The connecting cross-filaments are shown to be flattened 
from above downward. They are bow-shaped with the convexity out- 
ward andpossess a pitied surface and outwardly projecting branch«*s. 
They correspond in number to the theca? beween each pair of which 
they project. 

Not less beautiful than the foregoing demonstration is that of the 
structure of the polypary in RetiolUcs geinitzUinuif and SUmuUogrnptn9 
tdrruinUtL* 

In the former species we see two virgulie ( the one straight and the 
other zig-zag ) occupying the central line of opposite faces of the 

'Although many of thene points have been previously noted, this description is 
worthy of mention EM it is almost the first based upon thoroughly satisfactory 
material. 
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square-prismoid polypary. From each convex angle of the zig-zag and 
from a corresponding level of the straight virgula, there extends out- 
ward in the reticulated wall of the polypary, a chitinous bar ( "parietal 
ledge'*). In the ventral ( outer ) wall of the polypary the parietal ledges 
are connected by a horizontal " mouth-ledge." Tracing the parietal 
ledges back toward the central line of the polypary they are seen to be 
deflected upward in the vertical and inward in the horizontal plane so 
that they sink below the surface, (. c, into the interior of the polypary. 
Near the point of deflection they are connected by a bar which traverses 
the interior of the polypary ( " inner cross ledge " ). On the trapezoidal 
frame formed by the mouth-ledge, inner cross ledge and two parietal 
ledges is strung a fine chitinous network which is an inward extension 
of the exterior network serving to divide adjacent thecac. The external 
network is stretched over the whole surface of the polpary being attached 
on the ventral surfaces, to the mouth-ledges and on the lateral surfaces 
to the parietal ledges as far as the point where those ledges become de- 
flected below the surface. At this point the attachment to the ledges 
ceases and the network is stretched across the median line to the sim- 
ilar angle of the opposite parietal ledge. From all this it follows that 
three canals extend the length of the polypary in the median line. The 
central of these is the common canal which is bounded on either side 
by the inner cross ledges and front and back by the two virgulas. Be> 
tween this canal and the network (stretched across from angle to angle 
as described above) lie two canals, one in front of and one behind the 
common canal. It is thus easy to see what diverse appearances may be 
presented by one and the same polypary under different degrees and 
directions of pressure. Preserved in relief neither virgula is visible ; 
the external network with the parietal ledges extending toward but 
stopping short of the center being all that can be seen, while if subjected 
to compression, the zig-zag, or the straight virgula (or with greater 
pressure, both the zig-zag and the straight virgula) becomes visible. 
The specimen which has furnished this description fails to show an 
outer envelope or inner dividing walls, but the author cites several 
authorities to prove the existence of these structures. 

In a general way the structure of Stoitiatograptits ti'/rrnpiisti resembles 
that of R, geinitzlanus. The epidermic coating of the network is, how- 
ever, coarser and the virgulas and ledges finer than in the latter species, 
and the plane of the thecal mouths is oblique to the long axis of the 
polypary so that in profile the latter appears serrate. In a well preserved 
specimen of S, torrviulstl Mr. Holm detected an epidermic layer external, 
and an endermic layer internal to the network. The outer and inner are 
smooth and without gaps, the middle alone being cribriform. 

Our author believes ( but was not able to demonstrate ) that interiorly 
the Inter-thecal partition planes are attached to the inner cross ledges. 
He further believes (in opposition to Tullberg's opinion), that the 
thecae were not delimited interiorly by a porous membrane from the 
common canal but that the communication between the two was un- 
restricted. 

The remainder of this admirable article is devoted to a criticism of 
JakeKs essay which has been noticed above. 
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THE FLOOD-PLAIN AND THE MOUND BUILDERS. 

Bjr Stephen D. Pbbt. Ph. D., Mendon, 111. 

One of the most interesting problems which the geologist and 
the archaeologist in their combined capacity may undertake to 
solve is that presented by the flood-plain. The flood-plain is, to 
be sure, altogether a natural creation while the mound-builders' 
works are artificial. Yet the two are so related that the}' may 
well be studied together. Both are comparatively modem, the ap- 
pearance of the flood-plain and the erection of the earth-works 
having been subsequent to the glacial epoch, but both pi*ecede<l 
the historic period. Great changes have indeed occurred in them 
since the historic times, but they are in opposite directions, as the 
flood-plain seems to be more plainl}' visible and is fast becoming 
a regular formation, the last of the sedimentary laj-ers, while the 
earth-works arc fast disappearing and are only advancing in their 
decay and desolation. 

The enquir}' which we desire to make has regard to the time 
which has probably elapsed since the erection of the earth-works 
as indicated by the growth of the flood-plain. 

The first enquiry will be about the so-called elephant eflflgy 
which we referred to in one of our former papers. This eflflgy is 
on the fiood-plain, one of the ver}* few which have been discov- 
ered on this plain. The question which we ask is, was it an ele- 
phant which was thus built in efiSgy on a plain which is now oc- 
casionall}' covered with water s as to be cotemporaneous with 
the ancestors of the Hunter Indians ? The eflftgy of the elephant 
seems to have met the same fate in Wisconsin which the rotunda 
mound has in Ohio. The flood has come up occasionally and 
washed his feet and his proboscis until his form is obscureil be- 
3'ond recognition. The clover was to be seen growing on the 
form when we last saw it, the water of recent freshets having 
drowned out all the clover vegetation in the swale where he la}', 
but for the life of us we could not tell whether the effigy was of an 
elephant, a bear or some other huge animal .... We, however, con- 
cluded that the effigy must have been comparatively recent for the 
floo<l-plain must have been constantly covered with water not a 
very long time ago ; that is, as we reckon time in the history of 
«xtinct animals. Our opinion is that the Cherokees built their 
l)urial-niounds on the floo<l-plain of the Scioto in Ohio al)out the 
same time that the Winnebagoes built a bear or buffalo effigy on 
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the flood-plain near Wyalusing, in Wisconsin, and that neither of 
them were very ancient. This, however, cannot be said of the 
village enclosures of Ohio nor of the pyramids of the south, for 
these mounds seem to be now far beyond the reach of floods, and 
hence older. 

Still we have this significent fact that there are in the Daven- 
port Academy some elephant pipes and a tablet with some flgures 
which resemble elephants. Davenport is near the mouth of the 
DesMoines, not very far from the great Meredosia slough and a 
little south of Muscatine lake. Now these are all surrounded and 
full of the late floods and can perhaps be called the last part, or 
the lowest part, of the flood-plain. No mounds are found on this 
low ground. But it is claimed that the mound from which the 
tablet was taken is on the low ground, which might be considered 
the river bench, only eight feet above high water. Now shall we 
take this as evidence? The members of the academy maintain 
that the elephant pipes are genuine. Shall we put the mounds 
on the river bench back so far as to allow the elephant or the 
mastodon to have been present, or shall we bring the mastodon 
up to the time when the river bench was eight feet above the 
water and when the elephant effigy was frequently submerged? 
Let us see where this will lead us in reference to the other mound 
builders and their antiquity. The hunter-tribes of which we are 
now speaking are the very last of the prehistoric mound builders; 
there were other tribes which preceded them by many years, per- 
haps by centuries. We grant the point alx)ut the mastodon for 
the sake of the argument. Then it makes the mound builder 
to precede the appearance of flood-plain and the disappearance of 
the mastodon. 

We now turn to the mounds of the flood-plains as compared with 
those on the bluffs. Here we quote from the geological report 
of Minnesota. Mr. Wm. Colvill says, ' ' The Assiniboines, the 
Omahas, the lowas and the Siouxs successively dwelt along the 
river in this county ( Goodhue ). All the mounds on the edge of 
the high bluffs are different from those of the terraces and those 
on the terraces different from those on the river-bench. All the 
mounds on the river-bench were said by the Sioux to belong to 
the Assiniboines. The dwellings were constructed by digging pits 
and placing posts or supports inside and covering the whole 
with brush and earth. In case of death within the dwelling 
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was completel}' filled with earth, thus burning the house and 
all. All these mounds show the hearth as a burned clay bottom 
with charcoal and ashes. The terrace-mounds were built when 
the flood-plain was covered with water and when the lake reached 
the base of the l)luffs. The mounds on the bluflfs were generally 
loose piles of stones having circular openings or hollow cones 
high enough for a man to stand erect. They may have been look- 
outs or war towers. The lowas and the Omahas came here after 
the expulsion of the Assiniboines. They had villages at Lake 
Pepin. There are mounds at Lake City which are said to have 
been built by the Omahas. There are game drives. The Oma- 
has were driven out of the state by Red Wing and by Wabasha. 
There are large mounds at Belle Creek in the shape of efiSgies on 
an isolated knob, one in the shape of a turtle. " 

The writer has discovered the same succession of mounds in 
Wisconsin and other places. Here the latest were nearest the 
water, those earlier were on the terrace above and the earliest of 
all on the top of the bluffs. These were effigies. The mound 
builders proper were in the country when the flood-plains were too 
wet to admit of access. But the Indians came and encamped on 
these flood-plains, leaving shells and hearths and^debris near the 
water after the water had subsided. A succession of mound 
builders filling up the gaps and making the terraces the places 
where they built their mounds. 

Here, then, we have the same stor}* as before ; some of the 
mounds were built since the flood-plain was dry, or comparatively 
so, these being cotemporaneous with the later Indians, and some 
of them built when the water was over the terraces and near the 
bluffs, evidently built b}' the earlier mound builders. 

Let us go down the river farther and look at another class of 
works. We find a flood-plain but it seems old, and the works on 
it even older than the plain itself. We can imagine how the hunter 
kept out of the wa}' of the flood and yet built his burial-mounds 
on the 1)luffs adjoining the swamps and lakes. But what shall we 
say about the agriculturist who built his pyramid on the flood- 
plain itself ? Here is the Cahokia mound; it is 100 feet high, 
has a terrace 300 feet wide, and fifty deep. It is attended by 
sixty or seventy other mounds similar in shape and size. These 
mounds are all on the great American bottom; that bottom is a 
flood-plain ; it is a flood-plain which is now rarely overflowed. The 
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writer had the privilege of visiting this laound in compan} with 
Hon. Wm. Collins who spent his youth at Collinsville near this 
mound. He informed me that, in the 3'ear 1840, this American 
bottom was overflowed and that steamboats floated over it in res- 
cuing cattle and men, and landed their cargoes at the foot of the 
bluff three miles from the group of mounds. There has been no 
overflow for fifty years and the land is now as dr}* as the prairie. 
It is covered with fine farms and the mounds are covered with 
farm-houses and bams, and outhouses, many of them being large 
enough to accommodate all these and give room for the kitchen 
garden besides on the summit. Now the point which we make is 
this: if the hunter mound-builder built his burial mounds before 
the time of the disappearance of the elephant or mastodon, and 
the agriculturist built his p3Tamid upon the flood-plain as a place 
lor an agricultural settlement, how long ago was the mound builder 
living and filling the scene with his' activities? These pyramids 
were perhaps built while the bottoms were subject to overflow. 
Perhaps it would be called a cit}' of 'the mound-builders, but it 
was a cit}' which in some respects resembled the palafittes or lake 
villages of Switzerland, ''a lake dwelling'' on dr}' land a part 
of the time, and a palafitte in an overflowed district the other 
part The bottom lands extend for eight}' miles north and south 
and are in places some eight and ten miles wide, and are covered 
with a number of mound-builders' villages similar to the one de- 
scribed. . . .The same fact is also perceptible in the p^-ramids at 
Seltzertown and in Bolivar county, Miss. 

The drainage of the flood-plain has occurred since the p^Tamids 
were built. The pyramids are really older than the flood-plain. 
The height of the platforms and of the levees or long walls is sig- 
nificant here. In looking over the works we learned that the 
terraces were all at least twenty feet above the level of the ground. 
The majority were three times that hight — or were so originally, 
for man}' of them have been graded down to make foundations 
for the farm-houses. Now take a vast plain covered with large 
farms and villages scattered over it and not a flood that has cov- 
ered it since 1840 and then put water over it twenty feet with the 
inhabitants crowded on the summits of their pyramids or crowded 
on the terraces looking down on the wide spread flood, and 3'ou 
have a picture of the two ages, the historic and the prehistoric, 
and the contrasts between the two. As to the Buffalo having 
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been prevalent at this time, we leave that to conjecture and to 
tradition. 

Gen. Claiborne in his histor}' of Mississippi sa3's that the tradi- 
tion was common among the Choctaws that a race of giants 
formed}' existed at the south and that they used herds of mam- 
moths as beasts of burden. These herds devoured everything and 
broke down the f6rests. The last animal of the kind had his home 
on the Tombigbee. The Great Spirit struck him several times 
with the lightning. But he presented his head to the bolt and 
it glanced off. Annoyed by this, he fled to the Mississippi and 
with one mighty leap cleared the stream and fled to the west. 
Here we have a tradition of the buffalo which formerly roamed as 
far south as Florida. 

We now return to the flood plain in southern Ohio. Here the 
villages were attended with covered ways and canoe landings, etc. 
and these covered ways, all of them, end at the edge of the 
terraces but the water has gone, and the land is high and dr}* .... 
This occurs so often that it ceases to surprise us. We find it at 
Piketon, at Hopeton, at High Bank, at Newark, at Marietta and 
in fact at ever}' place where there is a covered way .... The hight 
of the terrace above the water varies with localities but it is about 
equal to the hight of the platforms at Cahokia and ranges from 
thirty to forty feet. The following are some of the figures given 
by Squier and Davis .... At Piketon the graded way ends at a 
point half a mile from the river, and there are between it and the 
river two terraces each twenty feet high. The evidences are, how- 
ever, that the river ^*once flowed at the foot of the graded way." 
At Marietta the grade runs from the upi)er terrace to a lower one 
680 feet long and 1 50 wide; the hight on which the same enclos- 
ure is found is from 40 to 60 feet above the bottom land, and 
the bottom land is from 35 to 40 feet above the water of the river. 
The graded way ends at a distance of several hundred feet from 
the water's edge tliough ''it is supposed that when they were built 
the water flowed at the ^\gG of the terrace. " At Hopeton the 
covered way formed of parallel walls runs from the village en- 
closure to the river aViOut half a mile, and is one hundred and fifty 
feet wide. The walls terminate at the edge of a terrace, * * at the 
foot of wliich it is evident the river once ran, but ])etween which 
and the present bed of the stream a broad and fertile bottom now 
inter\'enes. " ... .At iSeal township the square and circle are upon 
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the terrace, but the circle is partially obliterated by the wash of 
the river which formerly flowed near, but is now at a * *long dis- 
tance^" the ancient bed is distinctly seen at the foot of the ter- 
race. " The cedar bank works are, on a steep precipitous bank, 
just above the river, at a hight of about eighty feet, but the wall 
on the river side has been entirely obliterated, showing that much 
time had elapsed since the works were deserted. At High Bank 
the works are seventy-five feet above the river but the}* extend 
half a mile south. . . The works at this point have Ijeen washed and 
obliterated by the river, though its bed is now a long distance 
from the works. A series of works on Paint creek show the same 
changes. One village was then almost obliterated by the river 
but the river is now over a mile away. At Newark there is a 
graded way which formerly ran out to the water's edge but it ends 
on dry ground, while the covered way on the other side of the 
village which formerly reached the water now terminates on a 
wide bottom and the water is at a long distance awa}-. The same 
is true of the walls at Portsmouth. These formerly extended to 
the river from the works on the upper terrace across both ter- 
races, and were seven miles in length. They were so arranged as 
to give the idea of ferries connecting the sacrificial place with 
the sun symbol in one direction and the square enclosure in the 
other direction — three groups, two ferries and 24 miles of wall. 
The walls at Portsmouth have been encroached upon by the Scioto, 
which has changed its channel and turned toward the wall and 
now flows where the wall once stood. The works near Dayton 
were formerly on the same level where now a neat modern village 
stands. The great Miami however has so overflowed its banks 
since these works were deserted, that the circle which was farthest 
away, near the edge of the bluffs, has been washed away and 
parts of it are not to be seen. The modern village lies entirely 
between this circle and the river, but the modem village is never 
flooded. 

These facts are significant. The rivers might have sudden 
freshets and so change their channels and make great havoc with 
the earth works, but where the land has become so dry and high 
that white men place their farms, build their houses and erect 
their villages on it, we may judge that much time has passed. We 
cannot look upon the earth- works as so recent as some would 
make them. 

32 
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As to the beginning of the mound-builder period we will give 
a few facts. In the last number of the Popular Science Monthly 
Mr. J. F. James has given us a diagram of the old ice dam and 
of the lake Ohio which was caused by the glacier which is sup- 
posed to have crossed the channel of the river here. Now there 
may be a difference of opinion about this lake and the dam, and 
3'et there is a significance to the map. It is a map of the territory 
of the village mound builders, the most interesting class of mound 
builders which we have. Of course this does not prove much in 
reference to their age, and yet the limits of their territorj^ and of 
the so-called lake are the same. Here we place the reign of the 
mound builders. If the paleolithic people preceded the forma- 
tion of the lake, or were cotemporarj' with it, the neolithic cop- 
per-using mound builders were subsequent to it If the Indians 
of the hunter class were subsequent to the appearance of the bot- 
tom lands while the flood plains had become what they are, the 
village mound builders preceded them by many years. In this 
way we read dates into our Archaeological records. We have the 
limits marked by geological changes. 

The close of the mound building period. Dr. Thomas has investi- 
gated a mound in the Scioto valle}' which was swept by the floods. 
.... This mound is near a series of earth works which are called 
the Baum works situated on the lower land in the vicinity of 
Chilicothe, Ohio. The argument is that as this mound was so 
near the village enclosure, and as it contained some peculiar 
chambers which resemble the rotundas of the Cherokees, the vil- 
lage mound builders were Cherokees, a comparatively modem 
people. This, however, is the very point which we doubt The 
evidence is tliat Ohio was overrun b}' a succession of races or 
tribes and that the early race of sun- worshippers who built wal)ed 
villages and graded ways and dance circles, and sacred enclosures 
for burials, never placed their mounds on the flood-plain, but al- 
ways on the upi>er terraces ; but the Cherokees having been a 
later race would naturally place their works as did all late tribes 
on or near the flood-plains. 

Tlie growth of the flood-plain in this locality seems to have 
l)een at the exjiense of the terrace on which the majority of the 
village mound buildere placed their enclosures, and so the de- 
struction of the terrace may be regarded as a measure of the time 
which has elapsed since the villages were deserted. We find the 



Heview of Recent Geological Literature. 51 

works of the mound builders sometimes associated with the flood- 
plain, but the association was more ancient than the proximity of 
the village was to the water which formerl}' covered the plain. 
Formerly the waters flowed peacef ull}' at the foot of the teiTace 
on which the villages were built and the covered waj's ran eagerl}' 
to meet them. Between these covered ways we imagine the peo- 
ple to have frequentl}^ passed, all of the time rel^'ing on the earth- 
wall to protect them from every lurking foe. We imagine also 
that the canoe navigators frequently landed on the grades or in- 
clines and drew up their canoes, quite secure in their feeling that 
the friendly stream would not make an onslaught and carry them 
away. But by and b}', for some reason, this verj' water which 
was so full and strong began its uncertain, unstable course. It re- 
tired from the foot of the terrace, it shrunk awaj^ from the vil- 
lages, it began to flow in the narrow channel, but it was constantly 
rising and overflowing its old flood-plain, and then the havoc be- 
gan. The river not onl}' deserted the villages but it turned 
against them and began to even undermine the defenses, and the 
walls were soon opened and wide gaps appeared in the enclosures. 
The villagers, however, had gone before this occurred, for there 
seems to have been no repairing of the breaches and the water was 
allowed to do as it would. 

In two remarkable cases it so happened, however, that after 
the villages on the terraces were deserted, and after the flood-plain 
wjls suflSciently dr}' for a later tribe to build its earth-work or its 
rotunda, then the earth-work appeared which Dr. Thomas calls 
the Cherokee monument. This is our argument; the village 
of the sun-worshipper on the terrace, and the rotunda or tomb or 
whatever it is on the flood-plain, were not really the work of the 
same people, but that the havoc of the flood against the terrace 
and the drainage of the same plain all took place since the < ^ lost 
race " made its appearance and took its departure. 
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Chemical and Oeological Essays. By Thomas Sterky Huxt. Third 
edition, with a new preface, pp. XL VI and 489, 8vo, 1891. Scientific 
Publishing Co., New York. Thechapteri. of this book are as follows: 
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Theory of igneous rocks and volcanoes (1858); On some points In chem- 
ical geology (1859); The chemistry of meta morphic rocks (1863); The 
chemistry of the primeval earth (1867); The origin of mountains (1861); 
The probable seat of volcanic action (1869); On some points in dynami- 
cal geology (1858); On limestones, dolomites and gypsums (1858-66); The 
chemistry of natural waters; On petroleum, asphalt, pyroschists and 
coal; On granites and granitic vein-stones (1871-72); The origin of 
matalliferous deposits : The geognosy of the Appalachians and the origin 
of crystalline rocks; The geology of the Alps; History of the names 
Cambrian and Silurian in geology ; Theory of chemical changes and 
equivalent volumes (1853); The constitution and equivalent volume of 
mineral species (1853-63); Thoughts ^n solution and the chemical 
process (1854); On the objects and method of mineralogy (1867); Theory 
of types in chemistry (1848-1861). The volume is dedicated to James 
Hall. 

Such topics, covering nearly the whole field of chemical geology, are 
discussed in Dr. Hunt's well-known style — a style which for breadth of 
learning and comprehensive scope, no less than for its penetrating, ap- 
prehension of the occult relations of chemical and dynamic forces, 
has caused his writings to be held among our highest speculative au- 
thorities on these subjects. The geological literature of the latter half 
of the nineteenth century will always bear a profound impress derived 
from the labors of Dr. Hunt. 

The Fossil Injects of North AmerUxi, xviUi notes on some European 
species. By Samuel H. Scudder. Vol. I. The Pretertlary Insects, 
pp. X, 455, with 35 plates. Vol. II. The Tertiary Insects, pp. 734, with 
map of the Tertiary lake basin at Florissant, Colorado, and 28 plates. 
(New York : Macmillan «fe Co. 1890.) A series of eighteen essays, origi- 
nally published in the Memoirs of the Boston Society of Natural History 
from 1866 to 1890, forms the first volume of this work, which Is limited 
to one hundred copies. Bibliographic references and an index are added. 
The longest paper, which bears date of 1879, comprises 111 pages and 
treats of Paleozoic cockroaches, both North American and European ; 
and another paper of 46 pages, reviews the Mesozoic cockroaches. 
Winged Insects are known to have existed during the Silurian period, 
but up to the close of Paleozoic time they were represented only by a 
generalized form, which had the front wings as well as the hind wings 
membranous. In the Mesozoic era, according to Mr. Scudder, ** a great 

differentiation took place, and before its middle all of the orders 

were fully developed in all their essential features as they exist to-day.'* 

The Second of these volumes was published last year as number XIII 
of the final reports of the U. S. Geological Survey of the Territories, 
which was conducted by the late Dr. F. V. Hayden. About a third of 
this volume, comprising the Arachnida, most of the Neuroptera, and the 
Orthoptera, was written during the years 1881 to 1884 ; but the descrip- 
tions of the Coleoptera, Diptera, Hymenoptora, and Hemiptera, the last 
being the most extensive group, were written during the two years im- 
mediately preceding publication. For the lower orders, all the Ter- 
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tiary species from all localities in North America are described, being 
as follows : Myriapoda, 1 ; Arachnida, 34 ; Neuroptera, 66 ; Orthoptera, 
SO ; and Hemiptera, 366. The collections of the higher orders from the 
wonderfully rich insect-bearing beds of Florissant yet remain to be 
elaborated ; and for these orders the present volume contains only the 
species known from other localities, these being of Coleoptera, 112 (in- 
cluding 37 Pleistocene species); Diptera, 79; Lepidoptera, 1; and Qy- 
menoptera, 23. The total number of species thus described is 612, of 
which 575 are from Tertiary formations, mostly called Oligocene, in 
Colorado, Wyoming, Utah, and British Columbia. Of the Pleistocene 
species, 26 were collected by Mr. George J. Hinds in the interglacial 
beds of Scarboro Heights on the north shore of Lake Ontario near 
Toronto, none of them identifiable with existing species ; and 11 others, 
likewise now extinct, were found in bone caves at Port l^ennedy, Penn- 
sylvania. 

When the study of the Florissant collections shall be completed, they 
will add according to Mr. Scudder's estimates, about 425 species of 
Coleoptera, besides many Diptera and Hymenoptera. Seven butterflies 
from the Florissant beds have been previously described by Mr. Scud- 
der in the Eighth Annual Report of the U. S. Geological Survey; and 
since then another species of exceptional importance has been found. 
There are also probably eight species of Florissant moths. 

The Florissant lake basin lies at an altitude of about 8,000 feet In a 
narrow valley of the Front Range of Colorado, near Pike's Peak. Its 
iength is 7 or 8 miles, with a maximum width of \% miles. Its sedi- 
ments attain a thickness of 50 feet or more, and consist of volcanic sand 
and ash, with which, in the upper half, myriads of plants and insects 
are entombed. The layer In which the insects are most abundant and 
best preserved has a thickness of about two feet. Lesquereux concluded 
from his investigation of the fossil flora that the climate at the time of 
deposition of these beds was much warmer than now, being nearly as at 
present on the northern shores of the Gulf of Mexico. The few fishes 
found in the same lacustrine deposits also indicate, according to Cope, 
a warm temperate climate ; and the insects, as Mr. Scudder believes, fully 
sustain this opinion. No very definite determination of the age of the 
strata has been reached, but they are referred provisionally to the lower 
Miocene or Oligocene. Only slight disturbances have taken place since 
their deposition, for they are still horizontal In their northern part, 
while their southern part has been uplifted so as to give a northward dip 
of about two degrees. The inclination caused the lake to be emptied, 
and since then subaerial erosion has channeled the basin mostly to a 
depth of 30 or 40 feet, removing the greater portion of its fossil if erous 
beds, but leaving plentiful remnants of them along its shores and about 
its islands. 

In this branch of paleontology, Mr. Scudder has been almost the sole 
worker on this continent, and the present volumes well attest his in- 
dustry and the wealth of his materials. 
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Tertiary and Posl-TertUiry charigea of ttie Atlantic and Pacific coasts ; 
with a note on the mutual relutlons of land-elevation and ice-accumulation 
durbig the Quartemary period. By Joseph Le Conte. Bulletin of the 
Geological Society of America, Vol. ii., pp. 323-330, with one figure ; 
March 16, 1891. The submarine continuations of the channels of the 
St. Lawrence, Hudson, Deleware, Susquehanna, apd Mississippi rivers 
are cited as proof that the Atlantic coast of North America was up- 
lifted during the Pliocene period, attaining, probably in the early part 
of the Quarternary, an altitude of 2,000 to 3,000 feet above its present 
hight. Its northern coasts were also uplifted, as shown by fiords. 
The elevation of British Columbia, according to Dr. G. M. Dawson, was 
at least 900 feet. That it may have greatly exceeded this amount, is in- 
dicated by the submerged channels discovered on the coast of California 
by Prof. George Davidson of the U. S. Coast Survey. Not less than 
twenty of these sunken fiords have been found between Cape Mendocino 
and San Diego, within a distance of about 700 miles, some of them 
reaching depths of 2,000 to 2,500 feet. Like the Hudson submarine 
channel and fiord, these have all the distinctive features of subaSrial 
erosion, and they are regarded by Prof. Le Conte as decisive evidence 
that this part of the continental plateau has been greatly uplifted, sim- 
ilarly with its eastern portion and probably at the same time. The 
submarine channels of California, however, are not continuations of the 
present rivers, and none exist opposite to San Francisco and the Golden 
Gate. Professor Le Conte therefore suggests that the drainage of the 
great valley of California during Pliocene time probably passed into the 
sea farther south by a deeply submerged channel which is traced by 
oundings in the Monterey bay. Orogenic movements, accompanying 
the Quaternary subsidence of the coast, have turned this outlet through 
the Golden Gate. Others of these submerged channels seem to have 
been cailons formed by short streams in their descent from the western 
slope of the Coast Range when it was raised with the whole region far 
higher than now. 

In a supplementary note, the author concludes that the Pliocene eleva- 
tion of the continent culminated in the early Quaternary, and was one 
of the causes of the ice-accumulation ; that the load of ice caused sub- 
sidence below the present level ; that the removal of the ice was the 
cause of the re-elevation to the present condition ; out that all these 
efTects lagged far behind their causes. 

Composition of certain Mesozoic igneous rocks of Virginia. By H. D. 
Campbell and W. G. Brown. Bulletin, G. S. A., vol. li., pp. 339-348; 
March 18, 1891. Two exceptional varieties of the otherwise remarka- 
bly uniform eruptive rocks occurring in the Mesozoic belt of our Atlan- 
tic border are described, with analyses, under the names hypersthene- 
diabase and olivine-hypersthene-diabase. The former is known at lo- 
calities in Virginia, New Jersey, and Pennsylvania; but the latter has 
been noticed at only one locality, near Rapidan, Culpeper county, Va. 

The Cinnahar aiul Bozcman coal field** of Montana. By Walter 
Harvey Weed. Bulletin, G. S. A., vol. ii., pp. 349-364, with a plate 
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and two figures; March 18, 1891. Bituminous coal of excellent quality 
is mined both in the Cinnabar field, which occupies a small area on the 
Yellowstone river just below the National Park, and in the Bozeman 
field, which lies some forty miles farther north and is of large extent, 
its coal-bearing strata having been traced about 100 miles Mr. Weed's 
work during the past year for the U. S. Geological Survey shows the 
identity of the coal measures in these areas, and from paleontologic 
evidence they are referred to the base of the Laramie scries. It is 
noteworthy that the coal of the Bozeman field often rests directly on a 
sandstone floor, without any intervening layer of fire-clay. The floor is 
sometimes very uneven, with the coal filling its depressions ; but the 
roof is generally even and regular, and is usually a firm and compact 
sandstone, needing only a small amount of timbering. Analyses of 
these coals indicate a low percentage of ash and water, and the com- 
plete absence of sulphur has led to their extensive use in the manufac- 
ure of coke. In this region the thickness of the marine Cretaceous 
formations between the lower coal seams and the Jurassic limestones 
and shales is about 3,600 feet. 

On. the recognition of the angles of crystals in thin sections. By Al- 
PBEi) C. Lane. Bulletin, O. S. A., vol ii., pp. 365-382, with one plate; 
May 4, 1891. This strictly technical paper, which forms a part of the 
anthor's work for the Michigan Geological Survey, presents methods of 
determining graphically the locations of the random sections of miner- 
als under the microscope. 

Johns Hopkins University Scientific Expeditions. The University Cir- 
cular No. 89, for June, contains the reports of the scientific expeditions 
into southern Maryland; the party, which was composed principally of 
the students of the University and the members of the U. S. Geological 
Survey, was under the leadership of Dr. W. B. Clarke, of the University, 
and Mr. W. J. McGee. The Eocene and Neocene rocks were the ones 
principally examined; one section of Neocene between Cove and Drum 
points being particularly fossil if erous, yielding about thirty species. 
There are also reports on the agriculture by Milton Whitney and one on 
the archseology by W. H. Holmes. 

Bemarks on the reptiles generally called Dinosauria. By G. Baur, 
Clark University. (Am. Natl. 25, May, 1891, pp. 434-454.) 

Dr. Baur reviews this group from Owen's ** British Fossil Reptiles" 
to the present date and concludes that as at present arranged they form 
an unnatural group. He states, and his evidence and summing up of 
the different families fully sustain his view, that** The group generally 
called Dinosauria is an unnatural one, which is composed of three 
special groups of archosaurian reptiles, without any close relation be- 
tween each other. The Dinosauria do not exist. The so-called Dino- 
sanria contain three groups of reptiles, which ought to be called Iguan- 
odontia, Megalosauria, and Cetlosauria." He then proceeds to give the 
distinctive characters of these three groups and finally their geological 
distribution. Do we understand that Dr. Baur would eliminate the 
order Dinosauria? On page 447 "* ♦ * the study of the skull alone 
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would be sufficient to show that the Dinosauria is an absolutely un- 
natural group without any right to existence; it shows that the three 
members, Iguanodon, Diplodocus and Ceratosaurus belong to three dis- 
tinct groups of Monocondylia, with very little relation to each other.'* 
In a foot note on page 450, Dr. Baur says: ** ♦ ♦ Ceratops Marsh Is the 
same as Monoclonius Cope, as I know from actual study of the types. 
That Agathaumas Cope is the same as Triceratops Marsh will be ad- 
mitted by everybody who will compare the original plates of the sac- 
rum, dorsal vertebras and the ilium of Agathaumas b> Cope with those 
of Triceratops given by Marsh. I think that Macellognathus Marsh 
which has nothing whatever to do with the Testudinata, belongs to this 
family (Coeluridae) and to Coelurus." 

A remarkably important addition to this subject and a discussion of 
inestimable value. 

Two New ReptUea. H. G. Seeley. (Quart. Jour. Geol. Soc. XLVII, 
pt. 2, 1891, pp. 164-170.) 

Agro8auru8 nuicgillivrayi. — This is described as a saurischian reptile 
from the N. E. coast of Australia. The specimen has been in the Brit- 
ish Museum since 1879, and as it was collected in 1844, has remained 
undescribed forty-six years. The reptile is named from a complete left 
tibia, portions of the right tibia, fibula and claw phalanges. The ani- 
mal was about the size of a sheep and is supposed to have come from 
the Lower Oolite or the Trias. The shaft of the tibia is slender, proxi- 
mal end enlarged and curved backward, a slight development of the 
cncmial crest; distal end uniformly increases in size and a moderate 
excavation of the distal articulation on the inner side. 

ISaurode»mu8 robertsoni. — A crocodilian reptile from the RhsDtic of 
Linksfield north of Elgin. This is represented by one bone, apparently 
a humerus, which the author terms a **vcry unsatisfactory specimen." 
The bone was originally about 10cm. long. The description of this one 
bone is not conclusive and leaves some doubt as to the true position of 
the reptile, as according to Lydekker's det^cription of the same speci- 
men, it has Chelonian features. 

The Geology of the Darlmdos. By A. J. Jukes-Brownk, Esq., F. G. 
S. and I*RoF. J. B. Harrisons, M. A., F. G. S. (Quart. Jour. Geol. Soc. 
XLVII, pt. 2, May 1891, pp. 197-243). This is an important contribu- 
tion, especially to the structure of the coral reefs, which naturally forms 
the chief component of the paper; there are two appendices by W. H. 
mil, Esq., F. G. S. on the Microscopical Structure of samples from 
Barbados and Jamaica. 

A Revision of the Cretaceous Echinoidca of N. A. Dr. W. B. Clark 
contributes to Johns Hopkins University Circular for April a brief pre- 
liminary notice of the Echlnoidea of the Creta(;eous, in which twenty- 
one new species are described, principally from Texas and New Jersey. 

Jmj}ort4tnt New Mineral Locality. — Dr. (J. H. Williams announces and 
describes anglesite, cerussite, galenite and native sulphur from the 
Mountain View mine near Union Bridge, Carroll Co., Md. (Johns Hop- 
kins Univ. CIr. April, 1891, p. 73). 
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The Journal of Morphology announces the forthcoming volume v to 
contain among other articles, two by Prof. Scott of Princeton **0n the 
Osteology of Poebrotherium*' and ** A CJontribution to the Phyllogeny 
of the Tylopoda/* 

An Introduction to the Sttidy of Mammals^ Living a7id Extinct. By 
William H. Flower, C. B., F. R.S., etc., and Richabd Lydekkeb, 
B. A., F. G. S., London, Adam and Charles Black, 1891, pp. xvl4-763. 

Aids in Practical Geology. By Grenville A. J. Cole, F. G. S. pp. 
xlv-f 402, London: Griffin & Co.; Philadelphia, J. B. Lippencott Co. 1891. 

BeUrdge zur Oeologie und Paldontologie der Republik Mexico. Von 
Dr. J. Felix und Dr. H. Lenk. I Theil, se. 114. Leipzig: Arthur 
Felix. 

Fossil Insects of North America. By Samuel H. Scudder. Vol. I, 
Pretertiary pp. x+435, 34 plates and Vol. II Tertiary, pp. 743, 28 plates. 
Kew York: Macmilllan & Co. 1891. 

A Catalogue of British Fossil Vertebrata. By A. S. Woodward, F. 
O. S., and C. D. Sherborn, F. G. S. pp. 396. London: Dulau & Co. 
1891. 

Tables for the determination of minerals by their physical properties^ as* 
certainahle toUh Uie aid of a few field instruments^ based on the system of 
Pbof. Dr. Weisbach. By Persifor Frazer ; Third edition, entirely 
rewritten. 12 mo. 115 pages. 1891. J. B. Lippincott Company, Phila- 
delphia. 

Irrespective of the contents of this little volume. Its external appear- 
ance invites to its careful examination. It is bound in flexible-leather 
cover, presenting the impression of a handy and durable vademecum for 
the actual student of minerals. More restricted in its scope than the 
*' Determinative mineralogy and Blowpipe " of Brush, the ** Rock-form- 
ing minerals" of Rutley, and the **Practical Guide to the determination 
of minerals by the blowpipe," of Fuchs, it has a definite purpose which 
is not deviated, from and which brings It into the curriculum of almost 
daily necessities of the young field-geologist. By their metallic lustre, or 
their want of it, all minerals are here classified, there being an Inter- 
mediate class having a '* sub-metallic and non-mctalllc lustre." Those 
with metallic lustre are separated by their color at once Into red, yellow, 
white, gray and black. The intermediate class Is again divided accord- 
ing to their streak, whether it be black, brown, red, yellow, green or 
blue. Those with non-metallic lustre and a light streak arc separated 
Into five parts, viz: very sectile, sectile, semi-hard, hard and very hard. 
In this last group evidently fall the great mass of rock-forming and as- 
sociated minerals, and here the value and aptness of the short descrip- 
tions of the double pages, arranged In columns,at once become apparent. 
With a small kit of simple apparatus, and by the aid of these distinc- 
tions, there may be made at least preliminary determinations of nearly 
all the minerals which the geologist may encounter. 
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I. State and Oovernnient Reports. 

Tenth Annual Report of the State Mineralogist of California for th© 
year ending December, 1890. 

Fourth Annual Report of the Canadian Institute, session of 1890-91. 

On vertebrata from the Tertiary and Cretaceous rocks of the North- 
west Territory, by E. D. Cope. Geol. Surv. Can. 

■ Reports of the Director and Treasurer of the Michigan Mining School, 
1886-91. 

Letter from the Sec. of Agric. transmitting a report on the prelimi- 
nary investigations to determine the proper location of artesian wells, 
within the area of the 97th Mer. and east of the foot-hills of the Rocky 
Mts., by J. M. Rusk. 

Progress Report on Irrigation in the United States, Part I, by Richard 
J. Hinton, Washington. 

Progress Report of Artesian and Underflow Investig9,tion between thc^ 
970 W. Long, and the foot-hills of the Rocky Mts., Part II, by Edwia 
S. Nettleton, Washington. 

Biennial Report of the State Geologist. Geol. Sur. Mo., Arthur Wins- 
low. 

Tertiary Insects of North America, by Samuel H. Scudder. Roy. 8vo. 
pp. 734, U. S. Geol. Surv., Washington. 

II. Proceedings of Scientific Societies. 

Prceed. Amer. Acad. Arts and Sci. New series Nol. XVII. From 
May 1889 to May 1890. 

Report and Proceed. Belfast Nat. His. and Phil. Soc, for the sessiou 
1889-90, contains notes on the musical sand of Eigg, by J. Brown, Esq ; 
Some notes on the Upper Boulder Clay, near Belfast, by Robt. Young, 
Esq., C. E. 

Jour. Elisha Mitchell Sci. Soc. 1890, contains: Mineralogical, Geo- 
logical and Agricultural Surveys of South Carolina, J. A. Holmes. 

Proceed. Kan, Acad. Sci. Vol. XII, 1889-90, contains: Artesian 
Wells in Kansas and the cause of their flow, Robt. Hay ; Occurrence of 
mammoth remains in Franklin county, Kansas, O. C. Charlton ; Occur- 
rence of gold in Montana, J. R. Medc ; Kansas meteorites, F. H. Snow. 

Proceed. Acad. Nat. Sci. Phil. 1881, Jan., -Mar., contains; Rate of 
coral growth, Angelo Heilprin ; Basanite from Crawford Co., Ind., E. 
Goldsmith ; Palaeosyops and allied genera, Chas. Earle ; The sand- 
stones of Chester Valley, Penn., Theo. D. Rande; On the age of tha 
Peace Creek beds, Florida, Wm. H. Dall ; A review of the Cretaceous 
mammalia, Henry F. Osborn ; Geological resoaches in Yucatan, Angelo 
Heilprin. 

Transactions of the Canadian Institute, Mar. 1891, contents: Pelo- 
techthen balanoides, Arthur Harvey ; Formation of Toronto Island, L^ 
J. Clark. 

Bui. Santa Barbara Soc. Nat. His., Vol.1, No. 2, Oct. 1890. 
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Bill. Amer. Oeograph. Soc, Vol. XXIII, No. 1, March 31, 1891, Mam- 
moth Cave, Kentucky, Rev. H. C. Hovey. 

The Total Eclipse of the Sun, Jan. 1, 1889. A report of the observa- 
tions made by the party at Norman, Cal. Pub. by Acad, of Scl. St. 
Louis. 

Transactions of the Eklinburgh Geol. Soc. Vol. II, Part II, 1890. 

III. Papers in Sclentijlc Journals. 

The Canadian Record of Science, Montreal. Vol. IV, No. 5, 1891, con- 
tains: Clay Concretions of the Connecticut River, Miss J. M. Arms ; 
Note on Specimens of Fossil Wood from the Erian (Devonian) of New 
York and Kentucky, Sir J. W. Dawson and Prof. Penhallow ; The Com- 
position of the Ore used, and of the Pig Iron produced at the Radnor 
Forges, J. T. Donald ; On some causes which may have influenced the 
spread of Cambrian Fauna, G. F. Matthew ; The Australasian Ass. Adv. 
Sci.; Proceedings of the Society; Proceedings of the Microscopical 
Society. 

The National Geographic Magazine, Vol. Ill, Mar. 28, 1891 : South 
America, by Gardiner G. Hubbard, being the annual address by the 
president. 

Am, Jour, of Set., April Nof AUotropic silver, M. Carey Lea ; Phe- 
nomenon of rifting in granite, R. S. Tarr; Red sandrock of Marion 
county, Iowa, C. R. Keyes ; Halotrichite or feather alum, from Pitkin 
county, Colorado, E. H. S. Bailey ; Crystallized Azurite, from Arizona, 
O. C. Farrington ; Xenotime as an accessory element in rocks, O. A. 
Derby ; Magnetite ore districts Jacupiranga and Ipanema S&o Paula, 
O. A. Derby ; Pink gossularite from Mexico, C. F. de Landero ; Restora- 
tion of Triceratops, O. C. Marsh ; Development of the brachiopoda. 

May No. Relation of the Pleistocene to the pre-Pleistocene of the 
Mississippi basin, south of the glaciation limit, T. C. Chamberlin and R. 

D. Salisbury; Age of the Saganaga syenite, H. V. Winchell ; Contribu- 
tions to mineralogy, No. 50, F. A. Genth, with crystallographic notes 
byS. L. Penfleld and L. V. PIrsson ; Ditto, No. 51, F. A. Genth ; Colum- 
bite of the Black Hills, W. P. Blake ; The raised reefs of Fernando de 
Noronha, H. N. Ridley ; Cause of active compressive stress in rocks, 
and recent rock fluxures, T. M. Reade ; Phosphates from the Black 
Hills, W. P. Headden ; Supplementary Notice on the Polycrase of North 
and South Carolina, W. E. Hidden and J. B. Mackintosh. 

June No. The study of the earth's figure by means of the Pendulum, 

E. D. Preston ; Post-glacial history of the Hudson river valley, F. J. H. 
Merrill ; Alunite and diaspore, from the Rosita Hills, Colorado, Whitman 
Cross; Diaspore crystals, W. H. Melville; Allotropic silver, M. Carey 
Lea ; Notes on the submarine channel of the Hudson river, and other 
evidences of Post-glacial subsidence of the middle Atlantic coast region, 
A. Lindenkohl ; Are there glacial records in the Newark system? I. C. 
Russell; Recent eruption of Kllauea, W. T. Brigham ; Turquoise in 
southwestern New Nexico, C. H. Snow. 
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IV. Excerpts and Individual Puhlicattons, 
Composition of the till or boulder-clay, by W. O. Crosby. Pro. Bos. 
Soc. Nat. Hist. Vol. XXV, 1890. 
The Madison boulder, by W. O. Crosby. Appalachia, Vol. VI, No. 1. 
The Kaolin in Blandford, Mass., by W. O. Crosby. Tech. Quart., Vol. 

III, Aug. 1890. 

A new plesiosaur from the Niobrara Ci'etaceous of Kansas, by S. W. 
Williston. 

A revision of the Cretaceous Echinoidea of North America, by William 
B. Clarke. Johns Hopkins Univ. Cir., No. 86. 

Anglesite, cerussite and suphur from the Mountain View lead mine, 
near Union bridge, Carroll county, Md., by Geo. H. Williams. Johns 
Hopkins Univ. Cir. No. 87. 

Time-reckoning for the twentieth century, by Sanford Fleming, C. M. 
G., L. L. D., C. E., etc. Smithsonian Rep. 1886. 

Elementary geology, by Chas. Bird, F. G. S., pp. 248, 12mo. Long- 
mans, Green & Co., London. 

Descriptions of some new species of fossils from the Devonian rocks of 
Manitoba, by J. F. Whlteaves. Trans. Roy. Soc. Can. Vol. VIII, Sec. 

IV, 1890. 

Illustrations of the fauna of the St. John group, No. V., by G. F. 
Matthew. Trans. Roy. Soc. Can. Sec. IV, 1890. 

The history of volcanic action in the area of the British Isles, being 
the anniversary address to the geological society of London on Feb. 20, 
1891, by Archibald Geikie, F. R. S., President ; Quar. Jour. Geol. Soc. 
London. Vol. XLVII. 

Foraminifera and Radiolaria from the Cretaceous of Manitoba, by 
Joseph B. Tyrrell, M. A., B. Sc. Trans. Roy. Soc. Can. Vol. VIII, Sec. 
IV, 1890. 

V. Foreign Pitblleations. 

Annales de la Soc('*it^ G^ologique du Belgique. 1890. Tomes XVI 
and XVII. 

Records of the Geol. Sur. New South Wales, Vol. II, Parts I and II, 
1890. Dept. of Mines, Sydney. 

The Mesozoic and Tertiary insects of New South Wales, by R. Ethe* 
ridge, Jr., and A. Sidney Oliff. Memoirs of the Geol. Sur. New South 
Wales, C. S. Wilkinson, F. G. S., geological surveyor-in-charge. Dept. 
of Mines, Sydney. 

Verhand. d. naturhist. Ver. (Bertkan), Bonn, 1890, zweiie Halfte, 
contains : Ueber den Rhein in romischer und vorgoschichtlicher Zelt, 
Schaaflfhausen ; Ueber die Braun Rohlenablagorungen im niederrheln- 
ischen Tertiiirbecken, Hensler; Ueber die Goldfelder Sudafrikas, A. 
Scheuk ; Ueber alte Eisthotigkoit und Gobirgsbildung in Skandinavlen, 
Pohlig ; Ueber A Schenk, Glacialerscheinungen in Si'idafrika ; und 
Ueber die carbone Eiszeit. Rauff ; Ueber die Quecksilberlagstatte von 
Almaden, grosster Silberkrystall, Rohlig. 

Verhand. d. nat. forsch. Gesellschaft in Basel ; liand IX, Heft I, 
1890, contains : Beitrag zur Keuntniss der Tertiarbildungen der Umge- 
bung von Basel, A. Gutzwiller. 
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Verhand. d. Gesell. far Erd. zu Berlin, Band XVIII, Nos. 2 and 3, 
1891, Georg Kollm. 

Dreissig. Berlcht d. nat. wissen. Ver. fftr Schwaben und Neuburg, 
frQher nat. hist. Ver. In Augsburg, 1890. 

Verhand. zool.— bot. Gesell. In WIen, Dr. Carl Fritsch, 1890, XL Band, 
III and IV Quart. 

SUzungs. d. k. bOhm. Gesell. der Wiss. Math. — natur. Classe. II Halb- 
Jahr, 1890. I*rag. contains: Ueber thierische Abdrflcke in der Etage 
C. c. der Silurformatlon, J. Kusta ; Ueber die Vegetation von Baja- 
Callfornien, Dr. J. Palacky ; Ueber die Krystall form des Tellurdioxyd 
und des basischen Tellursulphates, Dr. K. Vrba ; Ueber Reste mcnsch* 
llcher Thatigkelt im Diluvium. 

Jahresber. d. Ver. fUr Erd. zu Metz fflr 1889-90, contains : Eine 
Bestelgung des Etna, Dr. Weigand. 

Annalen d. K. K. Naturhlst. Hofmuseums, Dr. F. R. Von Haner, 
Bands V, No. 4. and VI, No. 1. 1890 and 1891. 

Jahresber. d. K. b5hm. Gesell. d. Wiss. fOr 1890, Prag. 

Geol. Mittheil. zu Budapest, Dr. Moriz Staub, Nov. and Dec. 1890, 
contains : Ueber das geologische Profil des Schemnitzer Kaiser Fran- 
cisci Erbstollens, by Ludwig Cseh ; Zur Geologle des Djebel-Bu-Kornien 
Tunis, by Johann Janko ; Daten zur Geologie des Bakony, by Franz 
Schfarzik : Beitrage zur fossilen Flora der Umgebung von Munkacs, by 
Moriz Staub; Beitrage zur geologischcn Beschaffenheit der Umgebung 
von Munkacs, by Julius Szadcczky. 

Geol. Mittheil, zu Budapest, Dr. M. Staub und Dr. J. Szadeczky, Jan. 
and Mar. 1891. 

Bui. de la Soc. Imp. des Naturalists de Moscou, Prof. Dr. M. Menz- 
bler, 1890, No. 2, contains; LeNeocoraiendes Montagnesde Worobiewo, 
A. Pavlow ; Ueber den Meteoriten von Tupgalsk, E. Kislakowsky. 

Annual of the Norwegian Geol. Sur. Kristiana, 1890, contains ; 
Graptolite-bearing schists in Vestre Gausdal, by K. O. Bjorlykky 
Felspar, quartz and mica, their occurrence and industral value, by J. P. 
Friis ; The granite quarries at the Idef jord, by Hans Reusch ; Glacial 
strise and boulder-clay in Norwegian Lapponie from a period much 
older than the last ice-age, by Hans Reusch. 

Geol. Notes from the Diocese of Trondhjem, by Hans Reusch, Geol. 
Sur. Norway, 1890, Kristiana. 
Salten og Ranen, by J. H. L. Vogt, Geol. Surv. Norway, 1891, Kristiana. 

Euvahissement graduel de la mer eoceniqueaux Diablerets, Origine et 
age du Gypse et de la cornieulo des Alpes vaudoises, Trangressivit^ 
Inverse, by E. Renevier, Bull. Soc. Vaud. Sc. Nat. vol. XXVII, p. 41. 



CORRESPOINDENCE. 



Dear Snt : I notice in connection with the announcement of the dis- 
covery of fish remains In the Lower Silurian rocks of Colorado, by Mr. 
C. D. Walcott, a statement that the Silurian fish of New Brunswick THp- 
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laspis acadi4xi is referred to the Lower Helderberg group. Such is not 
my understanding of the age of the bed in which it was found. It is 
stated in Trans. Roy. Soc. Can. Vol. VI, Sec. IV. p. 55, that this iish was 
found in dark carbonaceous shales which are beneath a group of beds con- 
taining a Niagara fauna, and that the shales are presumably of the age 
of the Clinton group. In the preliminary notice of this species it was 
said on the authority of Billings, that the fauna referred to above was 
a Lower Helderberg fauna, but Mr. Ami after examining more exten- 
sive collections than those sent to Mr. Billings said it was of Niagara 
age. 

My excuse for troubling you with this letter is a desire to have the 
species credited to its true horizon. G. F. Matthew. 

St. John, N. B., May 13, '91. 



PERSONAL AND SCIENTIFIC NEWS. 



The Scientific meetings at Washington. The Am. Asso. 
Adv. Sei. will meet Aug. 19. The Geol. Soc. Am. will meet Aug. 
24,andthelnt Cong. Geol. will meet Aug. 26,and continue to Sept 
2. These meetings will all be held in the rooms of the Colum- 
bian University, Cor. of 15th and H. streets. A large lecture 
room, smaller rooms for meetings of the councils, exhibition of 
maps, rocks, minerals, etc. , have l>een courteously set apart by 
the Faculty of the University for this purpose. 

The Organizing Committee, Int. Cong. Geol. proposes, besides 
the regular subjects of discussion, such as unfinished business of 
the former congress, reports of committees, etc. , that the follow- 
ing subjects be made special topics for the consideration of the 
congress at this meeting : 

I. Time correlation of the clastic rocks. 

1. Correlation by structural data. 

a. By stratigraphical data. 

b. }ty lithological data. 

c. By physiographical data. 

2. Correlation by paleontological data. 
a. By fossil plants. ( a. By marine fossils. 

or ] 
h. By fossil animals. ( h. By terrestrial fossils. 
II. General geological color schemes and other graphic conventions. 
III. (Jenetic classification of the Pleistocene rocks. 
Award of Geological Medals. The Geological Society of 
London has awarded the various medals at its command to the fol- 
lowing persons : The WoUaston Medal to Prof. J. W. Judd, F. 
R. S. , for his work in Petix)graphy and the balance of the fund to 
Richard Lydekker, Esq., B. A., F. G. S. , for his numerous and 
valuable contribution to Vertebrate Palaeontolog}'. The Murchi- 
son Medal to Prof. W. C. Br(»gger of Christiania, and the balance 
of the fund to the Rev. Richard Baron, F. L. S., F. G. S., of 
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Antananarivo. The Lyell Medal to Pix)f. T. McKenn}- Hughes, 
F. R S., for his valuable services, especiall}" among the older 
rocks, and the Lyell Fund to Dr. C. J. Forsyth-Major of Flor- 
ence, for his researches in the Pliocene mammalia of Val d'Amo. 
The Bigsby Medal to Dr. Geo. M. Dawson, F. (J. S. , of Ottawa, 
for his researches into the geological structure of Canada. 

Professor Craoin has resigned the professorship of general 
natural histor}' in Washburn College, and has accepted a call to 
the chair of geolog}' in Colorado College. 

The Wheeling W. Va. , deep well. This well was bored for 
gas to a depth of 4,100 feet, by Ohio county. At this depth all 
hope of finding gas was given up, and the abandonment of the 
well was ordered. At the solicitation of Prof. White, of 
Morgantown, the order was recalled and the well dedicated to 
science. The company started to drill again, and went to the end 
of their cable, at 4, 500 feet, where the work was stopped tempo- 
rarily, and officers of the U. S. Geol. surve}' availed themselves 
of the opportunity to make temperature observations. Dr. Wm. 
Hallock, the physicist of the survey, has been in charge, and has 
already secured preliminary results of exceeding interest. More 
refined observations will be made on the well before starting to 
drill again. The citizens of Wheeling have guaranteed the money 
to paj' for future drilling, Mr. Anton Reyman, a public spirited 
citizen, having become surety for the entire amount required to 
make the well the deepest hole in the world (about 5,800 feet. ) 
The U. S. G^ol. Surve}' is expected to secure the new boiler aud 
engine required as well as the steel cable, since it is considered 
unsafe to use manilla beyond the present depth. These will prob- 
ably' be secured through the generosity of some friend of science. 
The Survey has already contributed i?500 toward the deepening of 
the well from 4,100 to 4,500 feet. The well offers the best chance 
to secure an average rate for increase in temperature uninfluenced 
by local factors that has ever l>een presented, since it is perfectly 
free from water, and the region is undisturbed, the rocks dipping 
only 20 to 30 feet per mile. The Wheeling Development Co. is 
the name of the organization that drilled the well, Hon. N. B. 
Scott being president, and J. C. Brady sec'y. The leading manu- 
facturers of Wheeling are the principal stockholders. The well 
begins at the top of the Upper Coal measures and is now down 
nearlv to the Corniferous limestone. 

Prof. J. C. Branner, state oeolocjist of Arkansas, has ac- 
cepted the position tendered him b}' the Stanford University at 
Palo Alto, Cal. , but has leave of absence for a year in order to 
finish the work of the geological surve}* of Arkansas. 

Mr. Uly S. Grant, fellow of Johns Hopkins University, has 
been appointed an assistant on the Minnesota geological survey. 

Dr. a. C. Lawson, of the University- of California, has been 
engaged for the season of 1801 on the Minnesota geological sur- 
vey. 
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Su3iMARY OFFICIAL DECAPITATION. The FCgents of the Univer- 
sity of Nebraska at a late meeting, with other resolutions adopted 
the following : That the connection of Prof. L. E. Hicks with the 
University be severed after August 1, 1891. — State Journal^ 
Lincoln^ Neb. 

Mr. Ralph S. Tarr, Cambridge^ has been appointed professor 
of geology and mineralogy in the University of South Dakota, at 
Vermilion. 

Mr. Herbert A. Wilcox, Tower, Minn., has been employed 
on the Missouri geological survey, in the examination of the iron 
deposits or that state. 

Mr. Herbert R. Wood, late of Toronto, will begin service 
August Ist on the Minnesota geological survey. 

Dr. J. Francis Williams, who has been connected with the 
Geological Survey of Arkansas for the past two years, has been 
appointed Assistant Professor of Geology at Cornell University. 
His report on the igneous rocks of Arkansas is now in press. 

Prof. E. H. Barbour, Grinnell, Iowa, has completed ar- 
an gements for a paleontological trip in the bad lands the present 
summer. 

Dr. George Baur, of Clark University, in company with 
Prof. C. F. Adams, of Champaign, 111., will this summer, visit 
the Galapagos islands for the purpose of studying the fauna and 
particularly the mammoth tortoises, with which the islands abound. 
Dr. George H. Williams of Johns Hopkins University 
is conducting a party of graduate students in geology through 
western Maryland. 

Mr. John Eyerman has severed his connection with the 
scientific department of Lafayette College. 

Princeton Scientific Expedition. The ninth Geological Ex- 
pedition to the west will, as usual, be under the leadership of 
Prof. W. B. Scott and will be composeii of Prof. W. F. Magie 
and Messrs. E. A. 8. Lewis, A. B. Gladwin, A. W. Bentley, I. 
Benet, J. S. Hosfonl, C. C. Jefferson, R. A. Stevenson, R. Coul- 
ter, jr. Mr. John Ej^erman, of Easton, will join the party during 
the latter part of the trip. 



NOTICE. 



Thk "oeolooical swindleb" aoair abroad. Baaden> ot the 
GmumtST will recall several reforoiicoa la tho carlr numbers. Vol. t 
( 1S88 ), to SD adept thief who had for several years practiced upoD tbe 
geologists and other scientists of America with a good degree of suc- 
ceKS. ¥hls fellow was apprehended and served six months' ImprlsoD- 
ment in the Blkhorn jail, Id Wisconsin, but on release resumed his 
nefarious tricks. In Januarv, ISSH, he stole soino microscopic objectives 
from the Unlversltr of CIncluDati, and under the Instigation of Prof. 
ChM. H. Gilbert, the police of the city were put upon his trail. After 
a pursuit of some weeks, tracing him In Indiana. Kentucky, and Ten- 




nessee, he was apprehended at Nashville, and on trial was convicted and 
senteoced for Bve years for grand larceny, to the State penitentiary at 
Columbas, O. He pleaded guilty and admitted that be was tbe "swin- 
dling geologist" of numerous aliases. 

In conflnement he made a good record for himself and was put in 
charge of the night-school. He would have been released, on account 
of good behavior, at the expiration of three years and nine months 
under the rules of the Ohio penitentiary, In the fall of IBUl, but under 
special protestations of reform he was given a degree of freedom at 
Columbus, which allowed of his release Anally "on parole" for the re- 
mainder of tbe term that he hod to serve. lie remained for a time 



qafetly at Columbus, as reporter for the Columbus Suiiday World, 
Suddenly he appeared at Saginaw, Michigan, in violation of his parole, 
where he attached himself to the High school principal and addressed 
the pupils of the High school, claiming to have been a professor in 
Vassar College, Poughkeepsie, N. Y., and then connected with Smith 
College, but preferring his present occupation of dealing in fossils, as 
more remunerative. He sold the High school ten dollars worth of 
fossils. He said ho was a Russian, descended from an eminent Russian 
geologist, and acquainted with the most distinguished geologists of our 
country — (his usual story, the latter part, alas, too true ! ), also that he 
is the brother of the celebrated nihilist martyr Vera Sussulich, that he 
had fought in the Franco-Prussian war, and had boon made a captain, 
3tc., etc. Thence he went to Lansing, Mich., and tho speeches he made 
there were reported in the Detroit Tribune under the title — *'Aman 
with a history." At Lansing, he claimed to be a mining engineer, and 
betook himself to the Agricultural College, where he *' named the fos- 
sils" in the collection of that institution. 

On making inquiry as to the identity of this man with the **0. L. 
Syrski," who had been a short time before released on parole, It was 
learned that, ** in the language of the streets, Syrski has jumped his 
parole, beaten his boarding-house, and employer, and skipped," with 
the incompleted sentence still hanging over his head. 

He is now again launched upon tho community, to continue to be a 
scourge to scientists and amateurs. In addition to his standard way of 
representing himself as a geologist (or other scientist more rarely), as a 
Russian, often as deaf and dumb, and always making memoranda on 
little squares of colored writing-paper which he carries in very small 
vest-pocket blocks, and taking occasion to steal valuable books, instru- 
ments, and fossils from his hosts, he now has adopted also the method of 
corresponding with scientists, especially geologists, soliciting ex- 
changes, which of course he conducts dishonestly. 

He is thus described at Saginaw; a man of medium hight, of light 
complexion, with a light colored moustache, blue or grey eyes of great 
keenness and rather watery, and a firm jaw, giving decision to his con- 
versation. His language is fluent, and free from any foreign accent or 
peculiarity. He has lost one or two front lower teeth, and looks to be 
35 or 40 years old. The attached half-tono reproduction of his por- 
trait is from a photograph taken by the Cincinnati police at the time of 
his last trial and incarceration. Tho negative is licld by Vail Brothers, 
photographers, 254 Main street, Pouglikeopsio, N. Y., and their price 
for a singlc^copy is 25 cents. It is a very accurate portrait of him as 
he appeared throe years ago, as many wlio have suffered from his thefts 
3an testify, except that ho is a little more rough in his personal ap- 
pearance, in the portrait, than usual. 

Short notices of his career arc given in Tfic Suturitli^Vtf Leisure 
Hour {A, E. Foot^i's), March, 1SH4 (written by F. V. Hayden), in 

Sclaice, Jan. 14, 1887, Juno 17, '87. and in tlio Amkkican Geolo<jist, 
January, February, and April, isss, and February, 1S8<J. Ho has ap- 
peared under the following aliases: ' (iratacap," " (apt. C. E. Dut- 
ton, U. S. A.," ''Prof. H. S. Williams," ••Ellis," "Ellison," "Reitz M. 



Vasiliez," " Vasile," "Vasilief," "Robt. Verrall" or "Varrall," *»0. L. 
Syrsk!," O. L. Sussullch," ** Loo Lesquereaux, Jr." (son of the late emi- 
nent paloobotanist), **W. R. Taggard," '*Prof. Cameron," "Prof. Le- 
veille," and "E. O. Strong." 

No one has yet been found who was a classmate to the swindler, nor 
has any knowledge been obtained as to the institution where he gained 
his excellent higher education. He himself declares that he is a gradu- 
ate of the University of Kief in Russia, but no inquiry seems to have 
been made into the truth or falsity of the statement. He has shown a 
familiarity with the Sclavonic languages by conversing freely with Poles 
and Hungarians in the quarries at Rondont, N. Y., in thei^^own tongues. 

We have no vindictive feelings against the man at all, but we believe 
that we can do no better service to scientists in America than by putting 
them on their guard against strangers without good credentials, and 
arming them against '*0. L. Syrski," by giving this information. 

According to latest information, a one-inch Zeiss microscopic objec- 
tive, which was on his person when captured in Tennessee, is still in 
the hands of the chief of police, Cincinnati, unclaimed. 

In August, 1887, he procured from Rev. Arthur H. Flack, president 
of the Claverack College, Claverack, N. Y., a loan of $15 on a spectro- 
scope which he left on his hands ** until he should return the loan.*' 
Of course the **loan" was never returned, and the stolen spectroscope 
still awaits its owner at Claverack College. 

American Geologist. 
May 15, 1891, 

TURNS UP AT COLUMBIA, MO. 

Columbia, Mo., Jtnie 17, 1891. 

American Geologist. A few days ago a man came to this place, 
came to the University and asked the janitor to show him specimems. 
Next morning he came to me as a **dcaf and dumb'' man, said he 
wanted some work to do. Could name fossils, American or European. I 
told him there was no fund for the purpose. I showed him mine. He then 
spent the day looking at the university collection. I told him I would 
pay him to look over our European fossils and correct their names if 
necessary. He wrote on a paper his name ''Otto LtulovUz Sassulich,^^ 
said he was a brother of Vera Sassulich of Zurich, Switzerland. He is 
a Russian by birth, and he seemed strangely familiar with every thing, 
people, places, fossils, but said his deaf and dumbness prevented his 
working as an active mining expert. Well, I got him at work, in room 
with him most of time. A few fossils I was in doubt of and asked him, 
and he was surprisingly correct, knew just where to find descriptions, etc. 

While thus engaged one of our professors came in and mentioned 
about a geological swindler being in Tennessee a few years ago. I then 
remembered that there was a notice of such a man in June Geologist, 
but had not paid much attention to it. It was at hand and I looked and 
there was the man's likeness exactly. I let him work all day, paid him, 
then told him he ought to talk, that he was not dumb. Also told him 
that I knew who he was, and that I thought that a man gifted as he 
was ought to be eve'ry way correct. I wished him well, etc., but had 
not told him of article and portrait, but Prof. P of university, hap- 
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THE RECORDED METEORITES OF IOWA, WITH 

SPECIAL MENTION OF THE LAST, OR 

WINNEBAGO CO., METEORITE. 

Joseph Torrey, Cambridgre, Mass., and £. H. Barbour, Grinnell, Iowa. 

It is noteworthy and indeed a remarkable fact tiiat witiiin forty 
odd years four meteorites of more than ordinary interest, — viz., 
the Linn Co., Iowa Co., Emmet Co., and Winnebago Co., met- 
eorites, — have been observed to fall in this state. The first, 
second and fourth of these belong to the * ' stone " class of aerolites, 
and the third to the ** iron " group. 

I. The Linn Co. Meteorite. ^ 

The Linn Co. Meteorite fell in Hartford, Linn Co., at 2:45 a. 
m. , Feb. 25, 1847. The following fragments are noted, weighing, 
in pounds : 0.448, 0.369, 0.007, besides other small fragments. 
They all have the characteristic dull black pitted surface. The 
color of the interior is a light gra}- filled with grains of meteoric 
iron and intersected by cracks filled with crust. The small amount 
of olivine is quite remarkable. 

Analysis of the stony part gave 

Silica 60.16 per cent. 

Ferrous oxide 23.50 " 

Magnesia 1 1.20 

Magnetic pyrite 4.66 

Soda and potash 30 






99.82 " 

Analysis of the metal gave 

Nickel 86 per cent. 

Iron 14 *• *' 



*From Huntington's catalogue of all Recorded Meteorites, Proc. Am. 
Acad, of Arts and Sci., 1887, pp. 37, 110. 
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IL The Iowa Co. Mtteorite.^ 
The Iowa Co. meteorite fell near Homestead and West Liberty, 
in Iowa Co., at 10:15 p. m., Feb. 12, 1875. Eighteen fragments 
are recorded, weighing as follows, in pounds: 11.96, 6.18, 3.85, 
3.73, 3.70, 2.96, 1.94, 1.51, 0.63, 0.6, 0.44, 0.31. 

The above, with the exception of two or three, are in the col- 
lection of Lawrence Smith. They have the usual dead black crust. 
Specific gravity, about 3.6. Chemically this meteorite is of con- 
siderable interest as it is one of the ver}' few in which the occladed 
gases have been examined and estimated. By heating some of the 
metal freed from matrix, gases were evolved the constitution of 
which varied according to the temperature. 

At 100^ C, the gaseous mixture evolved consisted of 

Carbon dioxide 95.46 per cent. 

Carbon monoxide 00.00 " " 

Hydrogen 4.54 " " 

Nitrogen 0.00 " " 

100.00 " ' 
When exposed to full red heat there was found 

Carbon dioxide 5.56 per cent. 

Carb4>n monoxide 0.00 '* '* 

Hydrogen 87.53 *' '* 

Nitrogen 6.91 ** " 

100.00 '* " 
III. The Emmet Co. Meteorite.^ 

The Emmet Co. meteorite (called -^The Perry Meteor") fell 
near Esther\ille, Emmet Co., at 5 p. m.. May 10, 1879. Sixteen 
lai^e masses are on record, weighing respectively, in pounds : 500 
(sent to the British Museum, and subsequently divided between 
London. Berlin and Vienna,) 175 ( University of Minnesota), 2.21, 
LSI, 1.31. 1.21, 1.07, 0.1>5, 0.3G, 0.32, 0.23, 0.18, 0.14, 0.14, 
besides many small pieces. 

The aerolites l>elonging to this fall are of the iron type, and 
consist genoruUy of a network of iron enclosing olivine. The pro- 
portion of the two varies greatly in the dilTerent individual masses, 
some heinir nearly all iron while others contain but little. Crust 
bluish. The specific gravity of the stony portion was found to be 
3. 3:>. of the metal 5. •»7. 

In chomical comi)osition, the Kiumet Co. meteorite, so far as 
examined, has no strongly distinguishing features. 

»Am. .lour. Sci., 2d Series Vol. VI, p. 4i>.'>. 
*Humingitnrs I'ataloarne. 
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IV. Tlie Winnebago Co. MeUoriU.^ 
Tbe WinDfibago Co. meteorite fell near the new town of Thomp- 
son ele^'eD miles northwest of Forest City, Winnebago Co., at 5:15 
p. m,. May 2, 1890. Seven large fragments are noted, weighing 
respectively in pounds: 86, 66, 10, 10, 60 oz., 60 oz., and, ac- 
cording to professor N. H. Winchell, about 5,000 small fragments, 
weighing from the fraction of an ounce to a pound or more. 

Between two and 
three hundred small 
fragments are in the 
collection of Yale Uni- 
versity alone About 
100 pieces and the 66 
pound piece are in the 
Uni^ersit> of Minneso- 
ta. Others are owned 
bj Ward and Howell, 
Rochester N \ , and 
by Geo F Kunz, New 
York. The dead black 
sconaceous crust when 
I broken reveals a light 
- grey stone interspersed 
with innumerable dark 
particles of iron, and globules of troillte, quite like the Iowa Co. 
stones in appearance. Thin aeams and cracks occur occasionally 
filled with a substance that baa somewhat the appearance of 
graphite, and small spheroidal masses of olirine are abundant. 
Specific gravity. 3.038. 

Chemical composition of the matrix from a fragment of the 66 
pound aerolite : 

Silica 47.03 |>er cent. 




A microsropic section (roin the tixtj--sls pound 
WiniiehBKO Klone, sliowing dark splder.1ik« pi 
icles o[ Iron distributed throuKli tlie matrix. 



Oxide of alumlniui 



This is but the approximate composition, and it is our opinion 
that nothing else should be offered, and that do analysis yet pul>- 
lished is strictly reliable owing to the non -homogeneous character 

'3 or the 104 puutid 
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of the matrix. Another difficulty not sufficiently recognized and 
taken into account is the extreme difficult}' experienced in separat- 
ing the iron from the matrix by the magnet, a thing practically 
impossible, owing to the infinitesimal division of the iron, which 
is still visible under the microscope even in the impalpable powder. 
A partial analysis was also made of the metal, separated as 
completely as was practicable from the matrix, giving the follow- 
ing results : 

Iron 95.79 percent. 

Nickel 2.89 ** ** 

Silicon 0.03 *' ** 

Carbon and manganese undetermined. 

Sulphur 0.08 

Phosphorus 0.54 



ti it 



99.93 " *' 

Analyses of this kind appear to be of sufficient interest to pub- 
lish, but it is most earnestly to be hoped that they may speedily 
be supplanted by much more thorough and searching ones. Until 
they are, the sum total of our knowledge of these very interesting 
bodies will remain as it is now, exceedingly small. 

The so-called 104 pound fragment or '* Kossuth Co. aerolite," 
desen^es mention here from the fact that it figured in all the earlier 
notices, at least, as the largest fragment of the Winnebago Co. 
meteorite, being sold as such to parties in Forest City, whereas it 
is simply a fraud. Pieces of the boulder, commonly called * * nig- 
ger-head,*' were sent us at once for examination. Analysis showed 
it to be a diorite or allied rock, without crust ; no metal present. 
Gravity (2.83 ) about a unit lower than that of the meteorite. 

In its passage the meteor was seen throughout all Iowa, and ob- 
servers report it from Kansas, Dakota and Minnesota. 

However exaggerated the press reports may have been in cer- 
tain instances, the fact of its splendor stands nevertheless ; so too 
the fact of the terror which the sudden light, the hissing passage, 
and terrific explosion inspired in the people of northern Iowa, es- 
pecially Winnebago Co. and immediate vicinity. Reports from all 
the towns and cities for many miles around Winnebago Co. liken 
the noise of the explosion to heav}' cannonading, accompanied by 
a ** rushing sound" or unearthly hissing and a noticeable tremor 
which caused the citizens to fl}' from their houses to inquire into 
the cause. This vivid display occurred in the face of a bright 
spring sun, and an almost cloudless sk3\ The dazzling head — 
likened to the moon in size — *< sputtering " and throwing off a long 



■•life -^^^ 
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train of sparks : the heavy line of black smoke left in its wake to 
mark its course for a full ten or fifteen minutes : all were seen and 
marvelled at by the people of several states. Its course to the eye 
was from southwest to northeast, and its inclination to the earth 
most commonly judged to be about 55**. One well authenticated 
but suprising report comes from Tabor, in the extreme south- 
western comer of the state, to the eflfect that the ' * noise there was 
like thunder, and was compared by some to an earthquake shock, 
the jarring of the ground being so evident, and that four distinct 
explosions were obserA'ed by one. " 

This is a point of considerable interest to us, for at Grinnell 
but faint noise, if any at all, accompanied the transit. Although 
the clamor over a hotly contested game of ball on the athletic Held 
of the campus hindered the students and faculty, who saw it, from 
making careful observations on this point, yet to satisf}' ourselves 
we visited all the farmers for some twenty miles northwest of 
Grinnell to find but one who thought possibly he heard a noise in 
connection with the passage through the air. It was surely ac- 
companied by little or only imaginary noise at this point. 

The train of smoke left by the meteorite seems worthy of notice. 
The velocity of the meteorite was such that its transit through the 
earth's atmosphere was momentary, and at the time the head 
passed below the horizon, the entire course of the meteor was 
marked by a broad ribbon of smoke, having straight, sharply de- 
fined edges. It was interesting to notice how this ribbon of smoke 
tapered off toward the higher atmosphere, as if vanishing in per- 
spective, showing the great rarity at that elevation. The smoke 
began to curl away gradually, but lingered for a full fifteen or 
twenty minutes before disappearing entirely. The fall was largely 
on unimproved land near Thompson, covering with fragments an 
elliptical area some two or three miles long by one and a half wide, 
( It seems as if the major axis might be taken roughly as the 
direction of the meteor, that is N. K. as it appeared to the 
e3'e. Or, as professor Winchell suggests, the line of direction is 
more nearly that of the line of impact of the hirge fragments, that 
is N.W. ) The 66 pound fragment buried itself, close to a fanner 
in the field, more than three feet in the hard prairie soil. It was 
not dug out till the next day. Professor Winchell, who visited 
the spot at once, kindly informs us that the 6() pound stone was 
not hot when dug out, notwithstanding all reports to the contrary, 
and that the clay around it was neither baked nor in any way 
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changed ; and that the 8tj pound stone fell on old turf, where the 
last year's grass remaine<l dr}', anfl after the stone was taken out, 
portions of the grass carried down by it, adhered to the surface 
un burned. Besides one piece fell on a straw stack, and did not 
fire the straw. 

On the accrjmpanying map of Winnebago Co. the positions of 
the large fragments are indicated by their respective weights. The 
counties in which meteorites have fallen are indicated in the small 
county map of the state of Iowa. 

For assistance in preparing the map and for other information, 
specimens, etc. , we are indebted to the Messrs. Secor and Law, 
and the Messrs. Thompson of Forest City. 



ON THE CONTRAST IN COLOR OF THE SOILS 
OF HfCH AND LOW LATITUDES. 

BY W. O. CBOSBY. 

TiiK general contrast in color of northern and southern soils has 
attractcil m}* attention for many years ; and six years ago I sug- 
gested an exphination of this difference, which is evidently due to 
the condition of the ferric oxide, in a communication to the Boston 
Society of Natural Ilistorj^* from which several paragraphs may 
be advantageously quoted as an introduction to the present paper. 

TIh> prevailing difTorcnce in color between the soils of the North and 
South is an unquestionable fact, and must be familiar to many travelers ; 
and yet, but few geological writers have even mentioned it, and, so far 
as I can learn, no explanation of it has heretofore been proposed. In 
all latitudes, the most sup<;rHcial detritus, the true agricultural soil, is, 
in a large measure, distinctly carlxmaceous, or the organic matter has 
at least been sufYicient to more or less completely discharge the brown, 
yellow, and red colors due to the ferric oxides. But in the surface so!! 
Ui a considerable exUmt, and in the subsoil generally, the ferric oxides 
are still the predominant coloring agents. Now throughout the north- 
ern staUiS and Canada the soils, where their colors can be ascribed to 
ferric oxide, are generally, almost universally, brownish or yellowish, 
but not distinctly red. The only important exceptions are where the 
red soil results from the disintegration of a red rock, or is itself geologi- 
cally old. Thus, the red color of the soil on the Triassic areas, and of 
the clays at Brandon, Vermont, and Gay Head, does not belong to the 
present or any recent p<^riod, but Is due to tlie |>eroxidation of iron in 
Triassic and Tertiary times. On the other hand, one of the most strik- 
ing features of the scenery of the southern states, especially for north- 

» Proceedings of the Ikiston ^k>ciely of Natural History, Vol. XXIII., 
pp. 2 1 11—221.'. 
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era eyes, is the bright red color of the soil, and the general predominance 
of this color over the brownish and yellowish tints. This begins to be 
noticeable in the latitude of southern Pennsylvania, and becomes more 
and more marked as we cross Virginia into the Carolinas ; while in the 
West Indies and South America the redness of the soil is even more 
intense and universal than in the southern states. So far as I have 
been able to learn by reading and inquiry, this difference in color be- 
tween the soils of high and low latitudes is more or less distinctly 
observable in all longitudes, and in the southern as well as in the 
northern hemisphere. 

The brown, yellow and buff colors, so characteristic of northern soils, 
are undoubtedly due chiefly to the yellow ferric hydrates, like gOthite, 
limonite, and xanthosiderite; while the red color of southern soils, 
although commonly attributed to hematite, is probably in many, if not 
most cases due to the red ferric hydrate turgite. The main question, 
then, Why are northern soils yellow and southern soils red ? is really 
equivalent to. Why is the ferric oxide in northern soils highly hydr 
ated (gOthite, limonite, etc.), while that in the southern soils is only 
slightly hydr ated, (turgite), or anhydrous (hematite)? 

It is manifestly impossible to answer this question by correlating the 
difference in color with a difference in the rocks of the two regions; for, 
while the red clays of the South are found on nearly all geological for- 
mations, they appear to have their best development on the primary or 
crystalline rocks, and these are indistinguishable from the similar rocks 
of the North. But a satisfactory solution is, I think, found by correlat- 
ing the color-difference with the one physical feature upon which all the 
other contrasts between the North and South depend — the climate. In 
other words, the difference in color depends upon the difference in tem- 
perature. It is well known to chemists that ferric hydrate, the coloring 
Agent of northern soils, is dehydrated at the temperature of boiling 
water ; and it seems probable that a partial, if not complete dehydration 
may result at much lower temperatures, if unlimited or geologically long 
time is allowed. And, in this connection, it is Important to observe that 
the surface soils of the South attain at times a high temperature, and 
that in both regions, but especially in the South, the detritus is, quite 
certainly, chiefly of preglacial origin. The detritus of the South, it is 
well known, is, except on the flood-plains of the streams, chiefly seden- 
tary, often retaining almost perfectly the structure lines of the rock 
from which it is derived ; while the debris covering the rocks in the 
North is almost wholly transported, consisting of the modified and 
unmodified glacial drift. Hence it is evident that the characteristic 
colors of the North and South are approximately coterminous with the 
sedentary detritus and drift. But it seems impossible to ascribe the 
color-difference to glaciation ; for wherever in the North we find seden- 
tary soils, either post or ante-glacial, as in the case of trap dikes which 
have been decomposed to a considerable depth below the surface of the 
Inclosing rocks, the colors are brown and yellew, never red. 

Although it seems not to have attracted ireneral attention, my obser- 
vations show that frequently, if not always, the red color of the South- 
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em soils is a merely superficial phenomenon, being most strongly marked 
at the surface, and gradually changing to yellow at a moderate depth. 
This fact, if fully established, will strongly corroborate the view here 
proposed, that the solar heat is the principal cause of the dehydration 
of the ferric oxide. 

Nearly all soils originate directly or indirectly, in the decay of the 
silicate minerals of the crystalline rocks, in which the iron is very larsely 
in the ferrous itate. And it is well known that the meteoric waters 
percolating through the rocks not only introduce the carbon dioxide, 
which Is the chief agent iu the kaolinization of the anhydrous silicates, 
but also the free oxygen required for the peroxidation of the iron. The 
sedentary soils of the South show very plainly also that the second pro^ 
cess does not keep pace with the first ; for, while the superficial soil 
exhibits the brilliant colors of the ferric oxides, in the lower portion, 
which shades off insensibly into the underlying rocks, grayish and bluish 
tints prevail, indicating that the iron is still chiefly in the ferrous state. 
Hence the normal vertical order of colors in sedentary detritus seems to 
be as follows, beginning at the base : 1, Bluish, grayish and neutral tints, 
due to ferrous oxide ; 2, the yellow and brown tints of the ferric hyd- 
rates; and, 3, in warm countries, the red resulting from the dehydration 
of the ferric hvdrates. 

The foregoing embodies the chief points of my previous paper, 
which was based very largel}' upon personal observations made 
some twenty years ago while I was engaged in mining operations 
in North Carolina and Virginia, and enjoyed unusually favorable 
opportunities for observing fresh and normal sections of the sed- 
entary soil. Later, also, I traveled extensively in these and other 
southern states ; in the West Indies, from Cuba to Trinidad and 
the northern coast of South America ; and in Europe, from Sicih' 
to Scandinavia — giving particular attention everywhere to the 
colors of the soils. That paper was published in the hope that it 
would call out the observations and views of other geologists ; but 
it appears to have borne no fruit of that kind until the appearance, 
a little more than a year ago, of the comprehensive and valuable 
monograph b\' I. C. Russell on the " subaerial decay of rocks and 
origin of the red color of certain formations,"^ to which tlio 
author has appended an important bibliographic list. In the first 
part of this essav relating to the subaerial decay of rocks, 

Attention is directed to the widespread decay of the surface rocks 
throughout the Appalachian region, south of \\m southern limit of the 
glaciated area of northeastern America. It is shown, also, that rock- 
decay is far more advanced in the southern than In the central and 
northern Atlantic states, and increases gradually southward. This vari- 

•Bulletin No. 52 of the United States Geological Survey, Washing* 
ton, 1889. 
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ation is thought to be due to climatic causes, combined with recent 
orographic movements which have accelerated denudation in the 
northern portion of the region under discussion. From the brief review 
of the geographical distribution of residual deposits in various regions, 
together with other considerations, the conclusion is drawn that rocks 
decay most rapidly in warm, humid climates. 

After describing the characteristics of the residual or sedentary 
clays of the South, including the color, Mr. Russell refers to in}'* 
contribution as follows : 

The contrast in color between northern and southern landscapes in 
the Appalachian belt has recently been explained by W. O. Crosby . . . 
on the assumption that the observed difference of color has resulted 
directly from differences of temperature between the North and South. 
In the essay referred to it is urged that the higher temperature at the 
South is capable of dehydrating the ferric oxides impregnating the soils, 
thus changing their color from yellow to red ; and also that the red 
color of residual clays is a superficial phenomenon, confined to the 
immediate surface of the deposits. My own observations do not confirm 
these conclusions. At many localities in the Appalachian region south 
of Pennsylvania where residual deposits were observed, the character- 
istic red color was seen to extend far below the surface, and as a rule to 
reach the bottom of fresh exposures. In many localities the color of the 
residual clays at a depth of twenty or even fifty feet is similar, so far as 
the eye can distinguish, to the color in the same sections only a foot or 
two below the surface. The great depth to which the red color extends 
renders it evident that it cannot be directly dependent on solar heat. 
Again, over considerable areas in the South the surface clays are vari- 
ous shades of yellow, which would not be expected if the red color of 
adjacent fields is due to temperature. 

During the last six years I have gradually come to attach less 
weight than at first to the diflference in temperature as a sole and 
sufficient cause of the difference in color between northern and 
southern soils ; but I still hold that it is an important factor in the 
entirely adequate explanation ; and so, apparently, does Mr. 
Kussell. In fact, he proves that the cause must be largely cli- 
matic by showing : ( 1 ) that the typical residual cla3^s of the South 
are usually red, and common to a great variet}' of geological for- 
mations J and ( 2 ) that, as already quoted, they are conditioned in 
a very large degree by the combined action of heat and moisture, 
being but scantily developed in the arid regions of the South, and 
never with a red color under the humid climate of the North. 
Since the rocks from which the red clays are derived are almost 
never red, the redness is evidently incidental to the kaolinization, 
and its cause ma}' therefore be looked for with much probability, 
at least, among the conditions favoring kaolinization, of which 
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heat is clearl}' one of the most important. Again, in spite of the 
recent glaciation, e\idences of kaolinization are not wanting in the 
North ; but the resulting clay, the true sedentary soil of the 
North, is never red, indicating very plainly that, while a warm 
climate is not strictly essential to the formation of residual clays, 
it is a necessary condition of the development of the red color. 
Prof. J. D. Dana emphasizes this point in a review * of Mr. Rus- 
sell's work, from which a few sentences may be quoted : 

The contrast In colors between the northern and southern states is 
spoken of (by Russell) as ** contrast between a glaciated country and a 
region In which atmospheric decay has progressed uninterruptedly for 
ages." Mr. Russell, knowing less of New England than of other parts 
of the country, does not appreciate as strongly as professor Crosby, 
whom he criticises, the full character of this difference. There is wide 
decomposition at the North, and its rapid progress In the case of syen- 
ites, mica schists, gneisses, granites, and hornblende schists during the 
past forty years, Is very strikingly exhibited alongside of many railroad 
cuts. The fact to be accounted for Is that these decompositions over 
New England, whether In the trap of trap dikes or In metamorphic 
rocks, produces almost never red earth ; while at the South, red earth 
predominates. The glacial movements and orographic changes have 
nothing to do with this. The fact is simply that In New England the 
result of the Iron oxidation attending the decay Is llmonlte, the hydroas, 
yellow-brown Iron oxide, and not anhydrous Fe*0". The writer has often 
tried to discover a reason for the different result at the South ; he does 
not find one In Mr. RusselPs excellent paper. 

In what manner, if an}^ the milder climate of the South pro- 
motes the development of the red color, except directly by favoring 
the dehydration of the iron oxide, I have not attempted to explain; 
but when we consider that, aside from the glaciation of the North, 
there is virtually or primarily but this one physical contrast be- 
tween the North and South, it seems impossible to doubt the 
existence, directly or indirectl}*, of a casual connection between 
the temperature and the color of the soil. The fact that Mr. Rus- 
sell questions this conclusion caused me, however, less surprise 
than his attempt to fortify that negative position by denying that 
the red color of southern clays is essentially a superficial feat- 
ure. I was amazed at his statements in this regard, and asked 
myself again and again if my recollection of what I had seen in 
the gold mines of North Carolina and elsewhere could possibly be 
so far astray. Being unwilling to controvert the views of so com- 
petent an observer without a fresh examination of the facts, I have 
waited for an opportunity to go over the ground again. Fortunately, 

« American Journal of Science, Volume XXXIX., 1890, pp. 317-319. 
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I have been able during the past year to make two journeys in the 
South — one to Asheville, by the usual route through the Piedmont 
district of Virginia and North Carolina, and the other down the 
great Appalachian valley to the vicinity of the Natural Bridge — 
giving, in both cases, especial attention to the distribution of the 
colors in the superficial detritus. 

Briefly stated, the general result of these recent observations is 
a complete confirmation of my original views ; but I am able 
now to make more definite statements than formerly. In the great 
majority of the sections observed in the Piedmont region of both 
North Carolina and Virginia, including all which could be de- 
scribed as normal examples, t. e. , as unmodified by disturbance or 
erosion, the distinctly red soil is very superficial, varying in thick- 
ness, as a rule, only from two to five feet, and very rarely exceed- 
ing ten feet. It is usually reddest, at, or near, the surface, 
changing downward gradually, more rarel}- abruptly, through 
various shades of orange to yellow ; while occasional complete 
sections show the yellow changing through paler tints to gray or 
the color of the underlying hard rocks. This is certainl}* the nor- 
mal succession of colors in a complete vertical section, as described 
in my earlier paper. The slic;ht depth — two to five or ten feet — 
reached by the red color was noted again and again in scores of 
sections. It was usually easy to see, however, how hasty or un- 
garded observations might lead to a different conclusion ; for the 
wash of the rains has, in most cases, carried the superficial red 
clay down over the entire face of the section. In this way the 
orange and j-ellow are often almost completely blotted out, except 
where an occasional gully, one to several feet in depth, notches the 
face of the cutting and exposes a clean, fresh, undisturbed, vertical 
section of the clays. When passing through the railway cuttings my 
eyes were always focussed upon these gullies or minature ravines ; 
and when on foot I have proved by actual digging that the yellow 
color seen in the middle and lower part of the gullies is strictly in 
situ, and that^the red color at the same levels between the gullies 
is what it appears to be, a mere surface wash — a red veil descend- 
ing from the red crown at the top of the section. 

For the past twelve years I have had in my teaching collection a 
series of specimens illustrating the normal gradation of colors 
from the surface soil to the underlying rock, which were carefully 
selected for this purpose at a gold mine in Fluvanna county, Vir- 
ginia ; the entire section, from the surface to the unaltered mica 
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schist, measuring, in this instance, less than 12 feet, and the red 
clay less than 3 feet. More recently, I have collected a similar 
series in the vicinity of Rock creek, in the District of Columbia. 

In connection with his criticism of my views, Mr. Russell refers 
to a quotation, on an earlier page of his essay, from an account by 
Prof. E. A. Smith of the residual clays of Alabama^ Professor 
Smith's description, so far as it is pertinent to the present dis- 
cussion, is as follows : 

The soil of the red lands is derived from the decomposed hornblendic 
gneisses and slates, which in many places, where exposed in washes or 
gullies, are seen to be mere stratified clays, containing fragments, more 
or less angular, of the quartz veins or seams, which are nearly always 
interbedded with the other rocks of this region. The top stratum of 
this soil, from two to three inches in depth, has often a dark chocolate- 
brown color, but below it becomes a bright red, and at varying depths, 
from ten to fifteen feet, becomes a ycZloirte/t, hard clay, }Vhere the 
freshly decomposed rocks are seen the color is yellowish rather than red, 
the latter color ( red ) being darker and more intense, apparently^ the 
further removed the soil is from its original position and the more it is 
affected by the decay of the vegetable matter. 

The italics are my own ; but how this description lends any sup- 
port to Mr. Russell's criticism is certainly not very clear ; on the 
contrary, it corroborates my statements that the red color is limited 
to the vicinity of the surface, and that the deeper and newer clay 
in every normal section is yellow. Professor Smith's description 
( which would apply equally well to large areas in Greorgia ) indi- 
cates, what might naturalh* be expected from the lower latitude, a 
greater average thickness of the reil clay than I have observed in 
North Carolina and Virginia. 

Whatever the cause of the superficial dehydration of the ferric 
oxide, changing the color from yellow to red, it is unquestionably 
a slow process ; and since the red portion of the soil is clearly the 
oldest part, residual, unlike sediraentar}*, deposits growing from 
the top downward, we may find here an easy and suDicient expla- 
nation of the point in Mr. Russell's criticism to the effect that ** over 
considerable areas in the South the surface clavs are various shades 
of yellow, which would not l)e expected if the red color of adjacent 
fields is due to temperature " ( page 42 ). We have only to sup- 
pose that erosion, which acts upon all areas in some degree, is 
here suflflciently rapid to prevent the development of the red color, 
removing the cla}' before it has time to change its hue. Mr. Rus- 
sel has pointed out verj* clearly that the simple existence of the 

^Geological Survey of Alabama, Report for 18S1, and 1882, p. 184. 
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residaal clays proves a general predominance of decay over denu- 
dation ; but even where the rate of decay is unifoim, the ever 
varying conditions of erosion must give rise to every phase be- 
tween the greatest observed depth of undisturbed residual clay 
with the full complement of colors — red, orange, yellow, and gray 
— and the hard, bare ledges seen in crags and stream beds ; and 
we may safely predict that in passing from the one extreme of 
denudation to the other, these tints will, as a rule, appear in suc- 
cession at the surface. 

According to my observations, the surface of the strictly seden- 
tary detritus of the Piedmont region is rarely yellow, except 
where the conditions are obviously more favorable for rapid erosion 
than over adjacent red areas. Often in the same limited field it 
can be seen that the steeper slopes of the land, or, in general, 
those areas most exposed to the wash of the rains, are yellow, 
while the more level or less exposed parts are red. The colors 
thus tend to distinguish the areas of slow and rapid ero9ion ; but 
it is intended, of course, to embrace in the latter, as in the former, 
only the general ablation of the surface, and not the gullies so 
characteristic of southern hillsides, which, when once started, 
quickly cut clean, vertical sections through the clays. Now the 
fact that the red clay washed by the rains from the steeper slopes 
must be spread, in large part, over the more levfel areas imme- 
diately adjoining, affords an obvious and simple explanation, not 
only of the constantly varying thickness of the red clay, but 
especially of the exceptionally great thicknesses sometimes 
observed. I have purposely neglected to take account of these 
before, because the statement that the red (Any is mainly super- 
ficial was intended to apply only to detritus that is still in situ, or 
strictly sedentary. No argument is required to show that by rain- 
wash from surrounding slopes the red clay might be accumulated 
upon a limited area to almost any depth, even fifty feet, as stated 
by Russell. But it is an obvious mistake to compare such special 
accumulations of transported detritus, which arc in general readil}* 
recognized by their situations and horizontal stratification, with 
cla}' which is still in situ. The same principle also explains the 
exposure of yellow cla}' over level areas ; for evidently when the 
red cla}' has been completely washed from the slopes, the yellow 
clay will experience a similar ablation ; and it is not difficult to 
see how the conditions would often be favorable to a commingling 
or inter-stratification of red and yellow clays. 
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On passing from the Piedmont district of North Carolina to the 
Blue Ridge and the tableland beyond, the I'ed clay, through the 
accelerated erosion, rapidly disappears, except in the most pro- 
tected places. The outcropping ledges and crags are bordered by 
successive and perfectly blended zones of disintegrating rock, and 
gray, grayish yellow, and yellow clays ; and only, as a rule, on 
the gentlest declivities are orange and red tints observed. The 
same conditions were observed in the Appalachian valle}', between 
the Pennsylvania line and the Natural Bridge, yellow and orange 
being the prevailing colors, and red rarely occurring in consider- 
able patches. Although the comparative absence of the red clay 
in these more elevated and mountainous areas might be attributed 
to the colder climate, the correlation with the accelerated erosion 
appears on the whole more simple and direct ; and the latter must 
certainly be regarded as at least the chief cause. 

Although it appears unnecessary to materially modif}' my pre- 
vious statements concerning the distribution of the colors in sed- 
entary detritus, I am, as already stated, less disposed than formerly 
to insist upon the entire adequacy of the warmer climate of the 
South as an explanation of the red surface soil of that section. 

The dehydration of the ferric oxide is not wholly dependent 
upon heat or pressure or any obvious extraneous agency, but it is 
in a large degree, apparently, a spontaneous process. Of this we 
have abundant evidence in nature and in the laboratory. When 
the iron, which exists in the various silicate minerals chiefly in the 
ferrous state, is liberated and peroxidized during the decay of these 
species, it combines naturally with a \Qvy large and indefinite pro- 
portion of water, forming the yellow hydrate which is seen as a 
flocculent or a gelatinous colloid in the waters of springs, bogs, 
and marshes, and when the hydrate is obtained as a precipitate in 
the laboratory. But this colloid mass, even If immersed in water 
and entirely undisturbed, gradually and spontaneously gives off a 
large part of the water which the ferric oxide has so greedily 
absorbed when in the nascent state ; and it appears thus, as it 
slowly solidifies and hardens, to pass in succession through the 
forms of the various native yellow hydrates— limnite, xanthosi- 
derite and limonite, to gOthite. That this progressive change 
continues is evident from the fact that these yellow hydrates are 
gradually replaced in the older formations by the red hydrate 
(turgite) and by ferric anhydride (hematite). When occurring as 
original or contemporaneous, and not as secondary, deposits, the 
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yellow ores of iron are found, as a rule, only in the later rocks ; 
while the red ores are generally restricted to the earlier rocks. 
This genetic relation of the yellow and red ores is one of the most 
familiar and generally accepted facts in geology. However recent 
the origin of the red ore (turgite or hematite) may appear to be in 
any case, we naturally infer that it was first yellow, and that it 
has passed slowly or rapidly, as the case may be, but graduall}-, 
through the series of yellow hydrates. 

The frequent absence of any apparent cause for this change 
leads us to assume that it is essentially spontaneous, in the sense 
that, although often hastened by heat or other extraneous agency, 
it would take place eventually without such aid. This view is 
strengthened by the analogous series of changes exhibited by 
silica. The gelatinous silicic hj'drate obtained in the labratory or 
seen in the waters of thermal springs, loses water and hardens 
spontaneously, and eventually reaches the comparatively stable 
condition of opal, which is comparable with limonite ; and since 
6pal, like limonite, is always of recent origin, we know that it 
must change more slowly into anhydrous silica or quartz, as 
limonite changes to hematite. The aluminum and other hydrates 
manifest a similar tendency. As the dehydration continues, there 
is a concomitant change from the amorphous to the crystalline 
state, analogous to that observed in the devitrification of glass 
and obsidian ; and the dehydration is probably as spontaneous 
as the crystallization. 

If it be conceded that the dehydration is virtually, if not abso- 
lutely, spontaneous, and there is no apparent alternative, it fol- 
lows that the color of a deposit, so far as it is due to ferric oxide, 
is, other things being equal, a function of its geological age. In 
other words, the color naturally tends with the lapse of time to 
change from yellow to red ; and, although this tendency exists in- 
dependently of the temperature, it is undoubtedly greatly favored 
by a warm climate. Applying this principle to the sedentary soil 
of the South, we find that the superficial portion is red, not alone 
because it is exposed to a higher temperature than the subjacent 
3'ellow clay, but also because it is the oldest part. On the other 
hand, the limited occurrences of post-glacial sedentary detritus in 
the North are, in the absence of the favoring climatic influence, 
still too young to exhibit the change of color even superficially. 

It is generally conceded that the glaciated area was, in pregla- 
cial times, covered with a continuous sheet of sedentar}' detritus 
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similar to that of the South, but probably not so thick. This now 
forms a large part of the till or bowlder-clay ; and in its colors, 
thoroughly mixed and greatl}' diluted with gray (trituated rock), 
we have the color of the till. A simple experiment shows that a 
small proportion of the red clay of the South mixed with gray clay 
gives a decided reddish tinge to the whole. The absence of this 
reddish tinge in the till may, however, be at least partly explained 
by the strong erosion attending the preglacial elevation of the land; 
on the same principal that the red clay is now mainly wanting on 
the mountains of the South. It seems, however, impossible that 
a thickness of red clay in the North comparable with what now ex- 
ists in the South could have been so completely swept away or ex- 
tinguished as the character of the till would indicate. Hence we 
naturally fall back again upon the alternative view that the red 
color was developed ver}' scantily, if at all, in the North, in pre- 
glacial times, and that, after all, the climatic difference is an im- 
portant factor in the true explanation of the contrast in color be- 
tween the residual clays of the North and South. Certainly no 
other explanation accounts so satisfactorily for the fact that in low 
latitudes flows of basaltic lava assume in a few years a bright red 
color, which never happens in the North. The general conclusion, 
then, to which the foregoing considerations lead is that the color- 
contrast is due chiefly to the difference in climate, but that the 
operation of this principle Is modified in a general way by the 
essentially spontaneous tendency of the color to change from yel- 
low to red. 



THE FAUNA OF THE LOWER CAMBRIAN OR 

OLENELLUS ZONE. 

By Jos. F. Jambs, Wasliingtoii. 

This paper* occupies pages 509 to 7G3 of the tenth annual re- 
port of the director of the U. S. geological survey, and it is the 
thirtl extended paper published by the author upon the Cambrian 
during the past six years. It is profusely illustrated with three 
maps, fifty plates of fossils, and numerous sections in the text 
The author has been an earnest student of the Cambrian rocks for 
many years, and students of geology and paleontology^ will appre- 
ciate this presentation of the fruits of his labor. 

The paper under consideration treats solely of the lowest dlvis- 

♦The fauna of the Lower Cambrian or Olenellus zone. By C. D. 
Walcott. 
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ion of the Cambrian : a subdivision of the geological scale that, 
a few years ago, was regarded as of scarcely any importance even 
if it were really known , and a subdivision that has scarcely yet 
found its way into geological text-books. It contains material for 
the earnest considerations of geologists of America, and if its con- 
clusions be accepted, it must very materially alter many concep- 
tions at present entertained. 

In the two previous publications above referred to* Mr. Walcott 
considered the rocks containing OUnellus as of Middle Cambrian, 
and those containing Paradoxides as of Lower Cambrian age. A 
careful study of a complete section in Newfoundland revealed the 
fact that in reality Olenellus occupied rocks below those containing 
Paradoxidei, and were, consequently older. He was the first to 
announce the discovery, and promptl}- corrected the previously er- 
roneous idea. The question of the adoption of the term * * Cam- 
brian " in preference to ** Taconic " is not entered into, though the 
former is definitely adopted. A careful stud}- of the literature has 
convinced him, however, as it would those who give it equal at- 
tention, that Cambrian was applied by Sedgwick to rocks below 
those containing a typical Lower Silurian fauna, as the Taconic 
was applied by Emmons : and Cambrian has eight years priority 
over Taconic. 

The scope of the paper under review is wide, including a bibli- 
graphy, an historical review of the literature, and a discussion of 
the results from both a geological and a zoological standpoint. 
Under the head of "Historical Review," we find notices of the 
work of prominent investigators from the time of Amos Eaton in 
1818 down to the year 1890. It is true Eaton did not recognize 
the Cambrian as such in his early work, but inasmuch as the local- 
ities studied by him are now known to contain rocks of Lower 
Cambrian age, it was considered fitting to begin with his work. 

The first fossils were found in rocks of this age by Dr. Asa Fitch 
in 1844. They were described by Emmons in the same year, and 
referred by him to his Taconic system. Barrande in 18G0 identi- 
fied these fossils as belonging to the Primordial Period, and 
credited Emmons with the discovery of their stnititijraphical posi- 
tion. Mr. Walcott, however, considers that the ci'odit should be 
given to Barrande, who he says, *'was misled by the evidence 
advanced by Dr. Emmons, which was based on the erroneous inter- 

^These are Bulletins No. 10 and No. 30 of the U . S. Gool. Survey, pub- 
lished in 18S4 and 1886. 
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pretatiou of tbe geological structure by Eaton, in 1824, and fol- 
lowed by Eramon8 in 1856." (p. 528.) 

The discoveries made in various localities by different workers 
are referred to in some detail, and the geological is followed by an 
account of the palenotological investigation. In this review men- 
tion is made of the different genera and species described between 
1844 and 1890. Fossils from the Olenellus zone were not found 
in Europe until 1868, when Nathorst recorded them from Sweden. 
Since that date they have been found in Norway, Russia and Great 
Britian. 

In establishing the limits of the Olenellus zone, the base is con- 
sidered by Mr. Walcott to be * ' where the genus Olenellus, or the 
fauna usually accompanying it first appears ; beneath that horizon, 
the strata are referred to some of the pre-Cambrian groups of 
rocks." (p. 549.) This reference is made irrespective of whether 
the latter lie conformably beneath or separated by a marked strati- 
graphic break. In the former case, however, Mr. Walcott con- 
siders that possibly the range of the Olenellus fauna, and therefore 
the Lower Cambrian zone may be extended downward into what 
are now regarded by him as Algonkian rocks. Descriptions and 
illustrations of sections in Nevada, Utah, British Columbia, the 
Grand Canon of Arizona, eastern New York, Vermont and New- 
foundland are given in this connection, 

An important and interesting section of the paper is that which 
deals with the features of the North American continent during 
Lower Cambrain time. It is considered that the continent was 
then outlined in a rough way, and had a somewhat similar form to 
that at present. The fauna lived on both the east and west sides 
of the continent. " Strictly speaking," he says, *'the fauna did 
not live upon the outer shore facing the ocean, but on the shores 
of interior seas, straits or lagoons that bccupied the intervals be- 
tween the several ridges that rose from the continental platform 
east and west of the main continental land surface of the time. " 
The idea here expressed will, if accepted, make it necessary' to add 
a new map to the series illustrating the growth of North America ; 
and it will have to be represented as of much greater extent than 
the Silurian which came later. The view advanced is considered 
sustained by the following evidence : (1.) The strata containing 
the Olenellus fauna are known onl}* in the eastern and western por- 
portions of the continent ; (2.) as far as known the Lower Cam- 
brian strata are absent in the interior of the continent ; (8. ) the 
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Upper Cambrian strata are unconformably superjacent to the Al- 
gonkian and Arehean rocks, over areas where the Middle and 
Lower Cambrian formations are absent ; (4. ) the strata of the 
Middle and Lower Cambrian are conformably beneath the Upper 
Cambrian on the eastern and western sides of the present continent 
in all sections where the three divisions are present." (p. 557.) 

This portion of the paper is illustrated by one map showing the 
general distribution of Lower Cambrian strata, and by a second 
upon which are shown a number of sections from typical areas. 
These indicate the relations between the base of the Lower Cam- 
brian and the rocks beneath, as well as the relation between the 
top and the overlying series. While a theoretic section across the 
continent from east to west shows the troughs in which the Lower 
Cambrian rocks were deposited, and indicates the presence of a 
land area between the Adirondacks and the Kocky mountains. 
Other illustrations show the unconformity between the Potodam 
and the underlying Arehean of the Mississippi valley. The gen- 
eral conclusion arrived' at is that the interior of the continent, prior 
to Upper Cambrian time, stxxxl at a relativel}- high level. This 
seems to be proven by the accumulation of more than 10,000 feet 
of sediment in Nevada and in the Wasatch mountains, by the 
great thickness of strata of Lower and Middle Cambrian age on 
both the east and west sides of the continent, and the absence of 
these rocks in the interior. Mr. Walcott further says: *'That 
the Upper Cambrian sea was transcontinental is shown by the 
presence of the same species of Upper Cambrian fossils in similar 
stratigraphic relations to strata containing the Ordovician ( Lower 
Silurian) fauna in the valleys of the 8t. Lawrence and lake 
Champlain, and on the slopes of the Adirondacks in New York ; 
in the southern Appalachian region of Tennessee and Alabama ; in 
the upper Mississippi valle}' in Wisconsm and Minnesota ; in the 
sandstones and limestones of Texas and the Black Hills of Dakota, 
and in the limestones of Nevada and Montana." (pp. 501, 502. ) 
It is not argued that the fauna of these widel}' separated 
localities were contemporaneous, but that the}* have identical 
Btratigraphical relations everywhere to the fauna above, and to 
that below when it is presnt. 

In the notice of European de^wsits a map is given, copied from 
one by Hicks, upon which is shown the distribution of the for- 
mation and several typical, vertical sections. 

A resume of the fauna shows the existence of 67 genera, 165 
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8pe<5ies and 12 varieties of fossils from this formation in America. 
In several localities in this country and in Europe no unconformity 
is found between the Lower and Middle Cambrian, and there is at 
present no way of accounting for the change from the OlenelluB 
to the overlvinj? Paradoxides fauna. 

A number of new forms are described in the last section of this 
paper, one of them, Trachyum vetustum by Daw^son and the others 
by Mr. Walcott. The figures illustrating tiie species are, in gen- 
eral, excellent. Students interested in the problematic Cruziana 
will find a number of plates illustrating various forms it assumes. 
The belief is expressed that many of the so-called species were 
formed by one kind of animal, while even had specific differences 
existed in the animals themselves, those would not be manifest in 
the trails or burrows made by them. The trilobites are placed in 
sixteen genera, and number fifty-three sjiecies, forming less than 
one-third of the entire fauna. Under OleneUus nine species arc 
recognized, these being referred to Ohnellus proper, and the sub- 
genera Mesonacis and Ilolmia. The species are illustrated on a 
series of twelve plates, which are most valuable for comparison. 
The genus Atops of Emmons is discarded and replaced by Con<h 
coryphe. upon the ground that it was so badl}' defined and figured 
as to 1)3 unrecognizable until the discovery of new specimens in 
the type locality over forty years after its original discovery. 

The paper will doubtless create discussion, and while some of 
the conclusions of the author may not be accepted by all paleon- 
tologists, something that can scarcely be expected, certainly all 
will be glad to have this full presentation. 



THE FAUNA WITH GONIATITES INTUMESCENS, 
HEYRlcn. IN WESTERN NEW YORK. 

By »1. M. Clakkk, Albany. N. Y. 

Some years ago the writer had the opportunity* of discussing at 
considerable length the faunas of the Genesee shales and those 
beds of the " Portage group" which were designated by professor 
Hall, in 1840, the '* CaslKupia shale " and the " Gardeau or Lower 
Fucoidal group. " The data accessible at the time of this work 
had been collated mainly from the southern area of Ontario and 
Livinijston counties, incidontiillv from Yates countv on the east 

♦Bull. No. 10, U. S. (Geological Survey: The Higher Devonian Fauna 
of Ontario countv, N. Y. 1885. 
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and Gtenesee county on the west ; they were the result of careful 
observations made over a period of several years and part of the 
outcome of the work was a considerable increase in our knowledge 
of faunas which had hitherto been regarded as exceedingly meager 
and uninviting to either the geologist or palaeontologist. 

Since the publication of this paper the writer has taken ever}- 
opportunity (always with the co-operation of his friend, Mr. D. D. 
Luther, of Naples,) to add to his representation and knowledge of 
these faunas. It has been inconvenient to undertake any systematic 
investigations in the country adjoining either on the east or west, 
but such desultory tours as have been made over the outcrops of 
these formations in the neighboring counties, lead to the conviction 
that certain important faunal characters are more positivel}^ de- 
veloped in the Ontario county section than elsewhere, and that for 
the study of these fossil faunas in their fullest development no 
area is as favorable as that which circumstances have made it con- 
venient to thoroughly investigate. 

The large amount of new and highly interesting material that 
has been obtained from these beds now makes the faunal lists of 
quite formidable size ; furthermore, the fossils, though of some- 
what rare occurrence, are not of such inferior preservation as one 
would infer from an inspection of the most extensive palaeozoic 
collections of the country, or from a few daj's' or weeks' collecting 
tours in the field ; they have, with patient work, proved moderately 
abundant and often of exquisite preservation ; indeed, we now 
possess series of many of the species, which afford the develop- 
mental stages from early age to maturity. It is the hope and 
purpose of the writer to eventually elaborate these interesting 
faunas and the growth-phases of their component species ; the ob- 
ject, of the present paper, however, is to indicate their quanti va- 
lence and time-values. 

Along the meridional section indicated, in a general sense that 
of Canandaigua lake, the Genesee shales lie directly on the upper 
shales of the Hamilton group, the Tull}' limestone having thinned 
out and disappeared a few miles to the east. These shales have 
here essentially the same lithological characters and variation as 
on the High Banks of the Genesee river, their separation from the 
underlying argillaceous Hamilton shales being rather more abrupt 
than is usual beti^'een formations of shaly rocks following each 
other conformably. Toward their base they are somewhat arena- 
ceous, but rapidly become very bituminous and heavy-bedded, these 
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iatUfr l&yers ^jearing quite sparinglr tracer of cooodontB. fishes and 
pl&ato. witli Lti^rhyncftuM ^/wjuI ricostat tu tind Orblculoul^a iod^tisis. 
TfjwMul the Wp they again Ijecome aigillaceoos. 

The fauna of the upper and lower shales is very meager at the 
be«t, and oonslstA esseutlall}' of these species : 
0<mUittU* unUin/juUirUf Courad, Coleolwf acUniltdrn Hall, 

PUruroUjrtuiria rwjtdluta Hall, LunwUicnrdium fragiU Ilall. 

LtU/rfiyn/:hutffiiuulry:o9UUtisya^nu\em^ OrbiculouJen lodciwU Vanuxem. 

This is a well known combination characterizing the black shales 

throughout their extent in this state, eastward and westward of 
this meridian. 

Hhortly after the retreat of the Hamilton fauna and the first ap- 
I>earance of bituminous sediments with this association of organic 
remains, there appeared an interesting incursion of species which 
invites special attention. This faunule has been studied only at a 
single outcrop in Bell's gully, on the east shore of Canandaigua 
lake, in a thin band of black shale but few feet from the base of 
the series and distinguishable from that immediately above and 
l>elow onl}' in l>eing slightly less sandy. It would l>e natural to 
expect, among the earlier portions of these sediments, some indi- 
cations of a more or less restricted return of the characteristic as- 
sociation of the Hamilton ; such indications, indeeil, it is quite 
likely will l>e found, but this little iussemblage is not of such a 
nature. The following species have been identified : 

CVjiKKlontH in considiTablci varloty. 

EntotniM «p. 

FraKriH'nts of an iind<^torminod phyllocarid crustacean. 

OriiutrmiH sp. 

IlyoliUieM sp., unllk<* species of the Hamilton or succeeding faunas. 

TenUtriiUtcM sp. 

*StyUolhui tiHHurcUn Hall ; not especially abundant. 

^Plenrotoinarin capUlaritt Hall. 

•/'. ityn Hall, var. tennlMinrd Hall. 

♦P. ruijuUita Hall. 

SiiciiUti'M^ sp. nov.; abundant. 

Lii n II lU'nnI III m, H[). nov.; a spl nose species occurlng both In the Sty- 
llola layttr and th<' Naples beds. 

CitrilUtla DorlH Hall, 

C. (liiichUfUi) rvtrofttrUita von Huch, 

VUtiiunUi like P. nodocnHUiUi Hall, but persistently smallor in size. 

^ChoneU'M lepidti Hall, 

(luint'UH^ enf. aurora Hall, 

Twigs of P»ilophifUjn or Rhnrhln pterin. 

The usual s|)ecies of the black shales are thus seen to be almost 
wholly al)sent from this assemblage. Such of the species (those 
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marked with an asterisk) as have appeared in the faunas of the 
Hamilton series, continue their existence to a still later period and 
they, together with 2/M/iMZtcarc^iM7/i sp. nov. , Cardiola Doris, and 
C, retrostriata, constitute an association which is emphasized in 
the more abundantly developed faunas of the Styliola layer and 
the Naples beds. 

Exceedingly interesting is the occurrence of a form of Chonetes 
which it is difficult to separate from Chonetes aurora Hall, a form 
known in New York only in the fauna of the Tully limestone, to 
which reference will subsequently be made. 

Above the most densely bituminous la^-ers of the Genesee shales 
and near the middle of the series, occurs the stratum which has 
already been termed the Styliola layer* a bituminous limestone 
but a few inches in thickness, often compact, sometimes of a sub- 
crj'stalline and loose texture, at others inclined to be shaly or 
actuall}' passing into thin chocolate-colored shales, nevertheless 
persistent over an east and west strike of at least 20 miles. It is 
essentially an accumulation of millions upon millions of the minute 
pteropod shell known as Styliola or Styliolina Jissurella Hall.* 
Only in a few places does this fossil appear to have given way to 
an inorganic argillaceous calcareous matrix.^ The fauna of this 
laj'er is an assemblage of species, some of which occur in the 
Genesee shales above and below, but man}- of tliera appear here for 
the first time. The following list, though incomplete on account 
of including several important undescribed species, is still suffi- 
ciently full to serve our present purpose : 

Dlnicthys newfterryl Clarke. 

Pahroniscus dcvo nicus Clurkc^ (also in the Naples beds). 
Undetermined plates and scales of fishes. 

Conodonts, (not common, but similar in form to those below, and in 
the Naples beds above). 

♦See Bull. U. S. Geological Survey, No. 16 and Neues Jahrbuch fOr 
Mineral. 1891. Hnd. 1. 

*For a figure of a thin section of this pteropodal limestone, see Ni(rh- 
olson and Lydekker's Manual of Paheontology, vol. 1, page 24, fig. 8. 
1889. This illustration does not show the interesting effects produced 
by the crystallization and cleavage of the calclte, which are referred to 
in Bulletin No. ir,. 

"The position of this layer is just above the heavy bituminous beds 
and not far from the middle of the series. In the Bell's gully section 
the lower arenaceous shales are thin and contain stragglers from the 
Hamilton moUuscan and crustacean fauna with a great abundance of 
Leiorhxpxchns quadricoatUitus. They are about 1.5 feet in thickness, the 
overlying heavy bituminous beds having a thickness of 112 feet. Above the 
Styliola Uiyer there are 85 feet of the more sandy black shales overlaid 
by the green shales and thin sandstones of the Naples beds. 
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Ooniatites inlumescens Beyrich, (^Goniatites patersoni Hall; I have 
collected and studied scores of specimens of this species from the Intu- 
mescens-kalk of Westphalia and the Hartz and can find no single detail 
or general feature on which to base a separation of this from the typi- 
cal German form. Also in the Naples beds). 

Ooniatites untmiguUiTis Conrad, (abundant; also in the Naples beds). 

Oojitatites nodi'fer Clarke, (in the Naples beds?). 

Ooniatites sp. nov. (a), (a deeply umbilicated primordial species with 
intumescens sutures and very strong concentric growth-varices on the 
younger whorls. Also in the Naples beds). 

Ooniatites sp. nov. (b), (a small primordial species with flattened dor- 
sum; compare G, fotdpifer Beyrich. (Also in the Naples beds). 

Ooniatites sp. nov. (c), (allied to G. intumescens but closely umbili- 
cated and with more inflated whorls. Not common). 

Ooniatites sp. (d), (similar to O. uniangulaHs but sharply carlnate on 
the dorsum). 

Orthoceras pacator Hall. (To this species is referred the commonly 
occurring Orthoceras of the rocks, a smooth, terete form with constric- 
tion on the chamber of habitation. Also in the Naples beds). 

Orthoceras aciculoldes Clarke, (also in the Naples beds). 

Orthocerasf filosum Clarke. (The surface markings of this species 
are similar to those of the genus Pharetrella (P. tenebrosa Hall); it may 
prove to belong here. Also in the Naples beds). 

Orthoceras sp. nov. (a). 

Orthoceras sp. (b). 

Orthoceras sp. (c) 

Oomphoceras sp. nov. (a). 

Oomphoccras sp. nov.? (b). 

Dactrites sp. nov. (also in the Naples bods). 

Coleolns aciculum Hall; (also in the Naples beds), 

Tentaculites gracillstriatus Hall, (also in the Naples beds). 

Styliolina fissurcUa Hall, (exceedingly abundant in the Naples beds). 

Dellcrophon strlatus (For. and d'Orb.) Bronn. 

Bellcrophon inclsns Clarke, (also in the Naples beds). 

lielierophon sp. nov. (a). 

ncllerophon sp. (b). 

Lojonema noc Clarke, (also in the Naples beds). 

Plcxirutjomarla cnf. itys Hall. 

Plcurotomaria ItySy var. tenuispira Hall, (also in the Naples beds). 

Platystoma miniUissimiim Clarke. (This little shell is so exceedingly 
abundant both in the Styllola layer and In the concretionary layers of 
the Naples beds that there may be good reasons for regarding it of 
pteropodal nature, like Liinacina and Spirialis, but dextrally coiled). 

Platystoma sp. nov. 

Macrocheilus sp. nov., (also in the Naples beds). 

A new gastropodous genus, suggestive of AuUxletus Llnnarsson, but 
a true phorid. 

LunnlicariUum fragile Hall, (also in the Naples beds). 

Lunulicardlum omatum Hall, (also in the Naples beds). 
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LnnuUcardiwm sp. nov. (a), (with spines on the lunule; also in the 
Kaplos beds). 

Lunulicardium sp. nov. (b). 

Sucula sp.? cnf. di^idens Hall, (also in the Naples beds). 

Lucinat t cnf. fruhorlAculariB Hall, (also in the Naples beds). 

Lucinaf i sp. nov., (also in the Naples beds). 

Cardioln (Buchiola) retrostriata von Buch, (not uncommon; very 
abundant in the Naples beds). 

CnrdioUt doris Hall, (also in the Naples beds). 

Strophalosittt a small species like 8. truncata Hall). 

ChoneteB lepida Hall. 

LewTh\pichUB «p. ? 

Lingula ftpcUulata Vanuxem (also in the Naples beds). 

Orbicidoid^Oj (a very small species). 

Cladochonust sp. 

Meloerinus clarkli Williams, (also in the Naples beds). 

CladoxyUm mirabile Unger. 

Dadorylon clarkli Dawson, (also in the Naples beds). 

Dudoxylon newherryl Dawson. 

Cycloatigtna afflne, Dawson. 

Lepidodendrcni Tprtmasvum Rogers (Dawson's identification. Also in 
the Naples beds). 

Lrpidodendron gaspianuvi Dawson. 

This association of organisms was broken up with the closing 
of the comparative!}' brief period of time represented by the Styliola 
layer^ and only occasionally do representatives of the fauna aj)- 
pear scattered through the overl3ing mass of dark shales. A 
few forms, e. g. Cardiola retrostriata, Loxonema noe, Pleuroto- 
maria iti/s, var. tenuispircr^ return in the upper levels of the 
series, in association with characteristic Genesee species, Lunuli- 
tardium fragile^ etc. 

Thereupon follow the compact greenish sandy shales with thin 
laminated sandstones, which characterize the Casliaqua shales, or 
base of the ** Portage" series. 

The lower beds of these greenish shales and flags alternate with 
two or more considerable beds of black shale, which are, at times, 
exceeding!}' bituminous and very heav}'- bedded, but usually some- 
what arenaceous, in other words, are very like the Genesee beils 
beneath. The characteristic fossils of the (Jenesee beds do not, 
however, reappear at these horizons as far as known; indeed, the 
only invertebrate fossil that has been found here is an interesting 
goniatite allied to G. chemungensts Hall, and described by the 
writer as a variety of that species ; a form with a multilobate 
septal suture like G, clavilohus Sandberger, a lower Upper Devon- 
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ian ( Intumescens-kalk ) species occurring at Brilon, Westphalia.* 
Fish remains are sparingl}' found, {Palceoniscus devonicus, Acan" 
thodes? pnscuSj and several undetermined species) with occasional 
fragments of Lepidodendron and other plants. The shales ly- 
ing between and above these bituminous bands became filled up- 
ward with increasing amounts of sandstone until gradually and 
finally the thin-bedded sandstones predominate over the shales. 

It was to this portion of the Portage series that the term * * Gar- 
deau or Lower Fucoidal group " was originally' applied, and to the 
upper and overlying beds whiqb are mostly heavier bedded sand- 
stones, the name '* Portage or Upper Fucoidal group.'* The fact 
is that the alteration in the lithological nature of the sediments 
has been a very gradual evolution and it is quite impossible to 
uphold a satisfactory division of the series on such a basis. The 
palaeontological evidence is diflferent. With the introduction of 
the green shales of the Cashaqua or basal division of the series, 
we find certain si>ecies of the Styliola fauna reappearing. These 
become more abundant or are at least better retained in the beds 
of shales lying between the first and second bituminous bands or 
wherever there is suflScient calcareous matter in the strata to form 
subconcretionary lenticles. 

It is here that the fauna attains its highest and most character- 
istic development, but so far forth as the shales prevail, even 
after the very material encroachment of the more arenaceous sedi- 
ments, the same fauna accompanies it. We refer to the fauna in 
its toute enscmbh,, the variations in the fauuules of a given stratum 
from that of the next above or below being of limited significance 
either geologicall}' or palaeontological ly. In the lower beds the 
species of the shales are occasional!}' found in inferior preserva- 
tion, in the thin layers of sandstone, but as the sandstones become 
heavy-bedded and more continuous, this is a rare occurrence. 
Reference has been made in Bulletin No. 10, (p (yS) to the appear- 
ance in the midst of the "Portage" sandstones, that is, in the 
upper member of the series lying between the Genesee shales and 
the Chemung sandstones, and about GOO feet below the earliest 
known occurrence in this section of a fauna with Spirifer dis- 
junct m and Orthis impressa, of an asseniljlage of brachiopods, 
Leiorhynchus mesacostalisy Amhovcrlia umbouata, Atrypa aspera, 
Rhynchonella exi'mia, etc., which are a new association and one 

♦Kayser. Zellschr. der doutsch. geolog. GesoIIsch. vol. xxiv, p. 667, 
1872. 
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reappearing constantly together with Spirifer disjunctus in the 
normal Chemung fauna. Directly beneath this level is the last 
known appearance of the fauna of the shales below. 

It has become evident that the original terms applied to sub- 
divisions of the Portage series have a verj' restricted lithological 
value and must lead to deception in regard to the faunal contents 
of the strata. It was for such a reason that the writer has made 
use of the term Naples beds for the former and Naples fauna for 
the latter ; the use of the term Cashaqua would express but a 
part of the truth, and the combination in one appellation of both 
Cashaqua and Gardeau^ would gain in ugliness what it lacks in 
precision. 

Attention is again briefly* directed to a peculiar concretionary 
limestone stratum occurring in the Naples beds about half-way 
between the top of the first and the base of the second band of 
black shale. This is a thin, quite persistent layer, bearing a con- 
siderable intermixture of silica and pyrite, in color passing from 
a gray into various shades of green and red. It is a fine example 
of the *<Knollen" and * < Kramenzelkalke " of the Germans, so 
characteristic of the lower Upper Devonian horizons in Westpha- 
lia and also described b}' F. Roemer, Lee, Champemowne and 
most recently by Ussher. This stratum is full of goniatites, 
prmcipall}' G. intumescens, associated with G. unxangularis^ Or- 
thoceras pacator, Bactrites sp., Loxonema noe, and with immense 
numbers of Platy stoma minutissimum. A similar formation is 
not known to occur elsewhere in the Devonian of America, and 
its significance will appear in the comparison of the species of the 
Naples fauna with their representatives in other countries. 

The accompanying list of the species of this fauna is neces- 
sarily incomplete. Many interesting forms are undescribed and 
their afiSnities can only be indicated. 

THE FOSSILS OF THE NAPLES BEDS. 

(Intumescens Fauna) 

PaUtoniscus devonicus Clarke, (bituminous bands) 

Acanthodes prlitcus Clarke. ** ** 

Conodonts In considerable variety " ** 

Echinocaris whUneldl Clarke. 

Eciiinocarifit beechcri Clarke. 

Spathlocaris emersoni Clarke. 

OoniatUes intumescens liey rich, (—G. pa^er«owf Hall). These shells 
agree with the typical form of Beyrich's species, that with a rounded 
dorsum, and are much more closely adherent to this tyi>e than many 
shells which are referred to this species in the German Devonian. The 
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American species does not become carinate nor evince an appreciable 
degree of variation in a large number of specimens. It is the predom<* 
inant goniatite of the fauna. 

GonUitltes slnuosiut Hall. Specimens of O. intumatcens which have been 
exposed to weathering since fossil iation or to maceration before it, often 
exhibit peculiar modifications of the septa. The specimens found in the 
thin sandy layers or flags are usually thus modified and in some of their 
conditions are similar both in exterior and septum to those which have been 
described as O. sinivosus and G. nujulaiufi, I am at present inclined to 
believe that O, aiJitiosxis is only a condition of O, intumescenff resulting 
from modification by mechanical and post-vital influences. The species 
known in the Intumescens-kalk of the Iberg-Winterberg, Hartz, and 
Adorf in Waldeck, as O. carinaUiM Beyrich, is, in every respect simI-> 
lar to O. intxtmcaceiiH save in the fact that the lower lateral lobe is 
rounded instead of acute. This, however, is a feature which character- 
izes an undeveloped condition of O. iiitumcHccfis^ as shown by Holzapfel 
and myself, and it is questionable if the forms can be properly separated 
on such a basis. 

Ooniatites uniangluarls Conrad. One of the Simplices, very closely 
allied to G. retrorsus simplex, 

GonlatUes bicostaUts Hall. Another member of the same group. 

Goniatite« lutheri Clarke. One of the Primordiales with sharp lateral 
saddle. I know no species with which this may be directly compared. 

GoniatltCH complaiiatus Hall. This species was originally described 
as ClymenUif coynplaruUa in the Report on the Geology of the Fourth 
District of New York ; the figure accompanying the first description 
gave only the exterior of a flattened specimen having the same expres- 
sion and degree of umbilication as G. liUherl. The subsequent illustra* 
tions and description of specimens referred to this species in volume v of 
the Palaeontology of New York, show a septum like that of the Simpli- 
ces and totally diflPorent from that of G. luDierl. I have been unable to 
discover the original specimen of G. complaiiatus Giihcr in the New York 
State Museum or the American Museum in New York city, and without 
it, it will be Impossible to determine the value of the species. The 
designation complanatus may under the circumstances properly bo 
applied lo such goniatitos as show the suture referred to, and must be 
limited to such. However, no goniatite of this character is known to 
me in this fauna. 

GonUUiti'M chcmungcnsis Hall, var. Clarke. The single specimen is 
from the lower black shales and shows no suture : should it prove to be 
allied to G. cheuiunfjetisis it may be regarded as a respresentativeof the 
Irregulares. 

(}onUititeH sp. nov. A very large representative of the Nautilini, 
closely allied to G. Roemerl Holzapfel (Adorf). See Oon. (b), Styliola 
layer. 

GoniiiiUcs sp. With a broad, grooved and rounded dorsum ; in exter- 
nal characters it may be compared to G. evcxus von Buch ; internal 
characters not known. 

QonUUUes sp. (G. sp. nov. (a) Styliola layer). A primordial species 
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with strong concentric flutings on the early whorls, which become less 
conspicious with age and at maturity form sharp, close, concentric lines. 

G(yixintiles sp. A species with a broadly flaring chamber of habitation 
and suture similar to that of Q. miienateri, 

GonuttUes sp. A primordial goniatite like O, intumesccfis, but small, 
less umbilicate, with closely crowded septa and sharply angled lobes 
and saddles. 

OonUUUes sp. A deeply umbilicated species, with broad grooved, dor- 
sum and costate whorls ; cf. O, tnhercuUitua Holzapfel. 

Besides these species of goniatites there is some more or less imper- 
fect material which indicates the existence of a few additional forms. 

Orthoceras pacntor Hall. 

Orthocenis aciciiloides Clarke. 

Orthoceras onUtrio Clarke. 

Orthoceras filosum Clarke. 

Orthoceras sp. no v. 

Bactrites sp. nov. 

Bactrites sp. 

HuolUhes neapolis Clarke. 

Coleolus acictilum Hall. 

Tentaculites gracilistriatus Hftll. 

Styliolirui Jissurella Hall. 

Macrocheilus sp. nov. 

Platystoma jninutissimuni Clarke. 

Pleurotomaria Uys, var. tenufsplra Hall. 

Palasotrochus prcecursor Clarke. 

Loxonema noe Clarke. 

Bellerophon nataor Hall. 

BeUen/phon ifwisiis Clarke. 

Bellerophon sp. nov. 

Leptodesnui cf. Lichas Hall. 

Lciopterui Icnuis Hall. 

OrammysUi sp. nov., of the general expression of O. subarcuata Hall. 

Macrodon sp. 

NncnUi, cf. diffidens Hall. 

PalaxmeUo muta Hall. 

UrmuUmi suborbimiUiris Hall. This abundant shell is very variable. 
In a large number of finely preserved individuals, it appears that the 
nearly bilateral form with quite sharp concentric lines represented in 
the typical example, is of rare occurrence. Such forms sometimes show 
fine radiating lines and are connected by a normal series with shells in 
which the body of the valve is oblique and the surface frequently rugose 
from concentric growth-lines. The genus of this fossil is evidently not 
UnguUrut, probably neither Cardiomorpha nor EdmoJuJia. The shells 
described by H. S. Williams (Bull. No. 10, U. S. Geol. Surv.) as JLucimi 
ipyamingensis and L, varysburgia^ from this horizon in Genesee county, 
I am unable to identify from the figures and descriptions. There are 
before me 30 excellent preserved individuals of a species evidently con- 
generic with these (but by no means Livcina). They are probably ident- 
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leal with one or both of Mr. Williams* species. 
Lunnlic(irdiumomntumll9t\\ (L. ptniuitum Hall.) 
LunuUcardhim fragile Hall. 
LunuUc(trdium Iceve Williams. 
Lunulictirdlum sp. nov. (a) 
Lunulieardium sp. nov. (b) 
LunuUcurdium sp. nov. (c) 
CardloUt {BitctitoUi) r€trf*8triaUi Von Buch. 
CardioUi Doris Hall. 
CardioUi sp. nov. 
PfioUuUlla sp. 
LinguUi tri<iu€tra Clarke. 
LinguUt Ugea Hall. 
LlnguUi sputuUtUt Vanuxem. 
OrthoUietes arctostriaUt Hall. 
Chonet4i8 scltula Hall. 
Strophalosiu sp. 
Aulopont annectefis Clarke. 
Melocrlnu8 cUirkil Williams. 

From the lists given it is evident that the fauna of th^ Naples 
beds is the reapparition under more favorable conditions, of the 
assemblage appearing first in the St3'liola laj-er of the Grenesee 
shales. The important characteristics of the fauna as a whole, are 

1) the prevalence and variety of goniatites; 

2) the great numerical development of Cardiola retrostriata; 

3) the abundance and variety of species of the genus Lunuli- 
eardium. 

4) the frequent occurrence of certain species of coniferous 
woods. 

It is hardly necessary in this place to enter into an elaborate 
comparison of the Naples fauna with the various developments of 
the Intumescens or Goniatiten-kalk fauna in the old world, in 
Devonshire, Brittany, Belgium, Westphalia, the Hartz, the Sty- 
rian and Carinthian Alps, the Urals, etc. With all these occur- 
rences there will be found many features in common, and it may 
be assumed that the student of palaeozoic faunas is more or less 
familiar with the published discussions of these faunas. 

In the Naples fauna there is a noteworthy feature in the total 
absence of trilobitic remains which are usuall}- present, though 
not abundant in its transatlantic manifestations; and in the pres- 
ence of phyllocarid crustaceans, which are not elsewhere kn3wn 
at this horizon. On the other hand not only the predominant 
elements of the fauna but the generic association throughout, and 
the expression of the component species, is in precise harmony 
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with the composition of this lower Upper Devonian fauna else- 
where. At Martenberg, near Adorf, Westphalia, the Intumescens 
fauna has a peculiar expression from the great abundance of 
species of Lunulicardium, This feature is one rarely developed 
and in this respect the Martenberg and the Naples fauna are most 
closely similar, while a general agreement prevails in the other 
elements of the associations. The Martenberg fauna has been 
most carefully elaborated by Dr. E. Holzapfel* and while the 
number of species is greater than in the New York fauna, the 
points of direct comparison may be indicated as follows : 
Goniatites Simplices. 

Qoniatites Irregulares. 

G. muUUobatuH Sandberger. of. O. chemutigeiwlSt var. 
Goniatites Primordiales. 

O. intumc9caut Beyrich. O, intuinescenit, 

?0. carinatus Beyrich. cf. ?0. sinuosus, 

O. ttdtercuUUns Holzapfel. cf. G. sp. nov. 

G. forciplfer Sandberger. cf. G. sp. nov. 

Orthoceras subflextujHumMdnster. ct. O. sp. nov. 

O. vWatum Sandberger. cf. O. fUo»um, 

O. acuarium cf. O. pacator, 

UolopeiUi arcvAiUi Holzapfel. cf. Lnxonema noe. 

Jfareroc/ieUiwdMiiiceri Holzapfel. cf. Mdcrochcllus sp. nov. 

PleiirotomariafalciferaS&ndberger ) 

P. globosa Holzapfel > cf. P. Uys var. ten uistriaia, 

P, tenuilinetiUi Holzapfel. ) 

N<Uica adorf erufls Holzapfel. cf. Plaiystoirui sp. nov. 

Cardiola retrofttrlata von Buch. C rctnMrUita. 

C. 9ubradUiUi Holzapfel. lot r ^r^Hn 

C. injlata Holzapfel. ] ^^' ^' ^^'^' 

Mytilarca beyrichl Holzapfel. cf. certain variations of Lucina?? 

suhorbicularis. 

iniillcri Holzapfel. ) * ,. „^ „^„ 
Holzapfel. \ ^^- ^' "P* "^^• 

L, bickcneiise Holzapfel. Inf t ir*>^^^ 

L, injtatum Holzapfel. j ^^- ^- '^^^* 

A comparsion like this can only serve to indicate, and that im- 
perfectly, similarities, which in some cases maj' prove specific 
identities, while interesting and important points of agreement in 
other species may not even be suggested. 

The species Cardiola retrostriata von Buch* ( BucIiioJa, Bar- 
rande, Glpytocardia^ Hall ) makes its appearance in New York as 
in Europe in the earlier Devonian. It is found as low, though 
very rarely, as the black shales of the Marcellus division. The late 

*PaIseontographica, Neue Folge, vol. viii, 6, xxvili. 
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professor Von Seebach cited (7arcftMmj>aZwa^iimGoldf8, ( — Cre/ra- 
striata Von Buch ) from the Wissenbacher ( Goslarer ) sehiefer of 
the Hartz, and F. Maurer, in * ' Die Thonschief er des Ruppbach- 
thales bei Diez "* describes a form verv similar to C, retrostrtata 
from the Wissenbacher-schiefer of the Rhine.* Barrande has 
also cited it from a still earlier horizon, his etage E, as he doQS 
also from the higher etage H, which moy be nearer the plane of 
its normal maximum development in other faunas. Barrois has 
shown that the shales described by Casiano de Pradof as the 
*<Schistes a Cardiola retrostriata de la CoUada de Llama," in the 
Province of L^on, Spain, are of equivalent age to the Wissen- 
bacher-schiefer of the Rhine.* 

This identificaUon is of much interest ou account of the close simi- 
larity of the fauna of these black shales and the normal fauna of the 
Marcellus black shales. The black Cardiola retrostrinta shales are de- 
scribed as *' fins, amp^liteuxet argilo-ferruglneux.'' They have furnished 
but few species : 

PluicopH latifrmis Bronn, cf. Ph. rana (Marcellus shales) 

OonUitUes cf. occultus Barrande, cf. i* / G. disroUJeus ** 
Orthoceratf regnlure Schlotheim, cf. O. suhuUstum ** 

Bactrltcft schUXheiml Quenstedt, cf. B. claviia ** 

PZeiiro^mami subcarinata F. A. j ^^ p ^,,^„^ea 

PoHUlouomya pargai de Verneuil, d.Pterinea lanns Qoldts, var.ameri- 

ca7iad*0rbigny (Marcellus shales) 
Cardiola retroatriala von Buch, Idem. 

ReUia novempllcataj cf. / Lelorhuiiehus limUaria (Mar- 

cellus shales). 

Its horizon of maximum and characteristic development, how- 
ever, wherever the specialization of the component elements of 
the upper Devonian faunas is more pronounced is below the normal 
horizon of Spirifer disJunctuM and above that of Rhynchanella 
cuboides. It is a usual member of the Intumescens fauna, but it 
is present at this horizon when the goniatite faeies is wanting. 
In the north of France and on the Belgian frontier the *< Sehistes 
a Cardinm palmatum " are assigned the following position bj 
Grosselet. i 

Schistes de Famenne, with Spirifer disjunct us, RhynchoKella 
pugnus , Productus subaculeatns; also Rh. cuboides. 

Schistes k Cardium palmatuniy with Goniaiites retrorsus. 

Schistes h. nodules argilo-calcaires, with Rh. cuboides, Atr^fpa 
reticularis, Spirifer euryglossus. 

♦Neues Jahrbuch fdr Min. 1876, p. 25. ' 

fNote gtologique sur les Terrains de Saboro et de ses environs dans 
les montagneade L^n (Espagne); Bull. Soc. geol. France, 2d ser. torn 
vll, p. 137, 1850. 

(Note sur le Terrain d^vonien de la Province de L^n (Espagne); 
Assoc. Franc, pour TAvancement des Sciences, 1877. 

{Annales des Mines, ser. 0, torn xii, p. 595, 1867. 
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In 1878 the same author gave the same order of succession, 
showing that the Schistes a Cardium pahnaUim occup}' a distinct 
horizon between the Frasnien, or Cuboides limestone, and the 
Fam^nnien or the normal horizon of Spirifer disjunctus.* In 
other words, in this section, the}' occupy the position of the 
Goniatite or Intumescens fauna, and in absence of the latter 
in its fuller development, represent it. 

In the Domanik-schiefer of the Petschora Land,t the Iberger- 
kalk of the Hartz, t the shales of Torbay, || and of Lower Duns- 
combe,} in Devonshire, it is coexistent with the goniatite facies 
of the Intumescens fauna. 

On the continent of Europe the faunas of the lower Upper 
Devonian are variable in facies. In the classical Eifel sec- 
tion immediately above the niveau of the Stringocephalus lime- 
stone or the middle Devonian, the brachiopod facies prevails ( the 
Cuboides-schichten ), followed above by the typical Goniatiten- 
schichten, abundant in Goniatites Simplices. In the region about 
Aachen the brachiopod or Cuboides facies is again strongly devel- 
oped and the predominance of the brachiopod element is continued 
through the overlying beds, the Vemeuili-schiefer and Vemeuill- 
sandstein of Kayser. Here the cephalopod facies is again virtually 
wanting or insignificantly developed. In Westphalia, at Bredelar 
in the vicinity of Brilon, and at Adorf, the goniatite beds of the 
middle Devonian are directly overlaid by the goniatite limestone of 
the Intumescens zone. According to Kayser, the upper Devonian of 
this region is divisible into the lower zone ( <* Intumescens " ) and 
an upper, which he has termed the ^ ^ Mjansteri zone;" and the 
latter is again divisible into the < ^ Cypridinenschief er " below and 
the ** Clymenien-schichten " above. 

In the Iberg-Winterberg terrain of the Hartz we have a remark- 
able faunal association ; an unlaminated massif contains not only 
the index fossils of the C uboides and Intumescens zones, but an 
actually predominating number of middle Devonian species ; in 
other words, it appears to be an encroachment upon a middle 
Devonian fauna, of faunas of later date, the facies of which, 
usually diflferently developed elsewhere, are here still undif- 
ferentiated. 

♦BIgby's Thesaurus Devonico-Carboniferus, p. 122. ' 

fKeyserling, Eine Reise in das Petschora-land, p. 254, 1846. 
iciarke, Fauna des Iberger-kalks ; Neues Jahrb. 1884, Befl. Bnd. lii, 
p. 380. 
I Lee, Geological Magazine, new ser, vol. iv, p. 100, 1877. 
{Ussher Quart. Journ. Geol. Soc. vol. xlvi, p. 506, 1890. 
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In the Ural mountains the phenomena are similar in many 
respects to those of the Iberger-kalk. Tsehernyschew says :* 
* ^ The strata D^J^, characterized b}' the prevalence of limestone^ 
with some bituminous laj'ers and sandstone, abound in places in 
brachiopods which distinguish the Cuboides beds of the Eifel and 
Belgium ; in some localities, however, there are goniatites in great 
numbers belonging to the group of the Primordiales and other 
forms somewhat common in the goniatite strata of western Eu- 
rope. In many cases this formation includes a great number of 
forms characteristic of the Iberger-kalk, where, according to Kay- 
ser and Clarke both the brachiopod and goniatite facies are rep« 
resented." 

Without citing further phases of the lower Upper-Devonian 
fauna, enough has been given to show that the terms Cuboidea 
zone, Goniatite zone and Intumescens zone are, in a broad sense, 
essentially equal time values and only expressions of varying^ 
phases or facies of equivalent faunas. 

The Intumescens zone in its best development, perhaps in West- 
phalia, is a horizon of limestones, it is therefore a noteworthy 
fact that there should exist so great a similarity in composition 
between the limestone fauna of Martenberg ( Adorf ) and that of 
the shaly and sandy sediments of western New York. 

The Tully limestone of New York has been long regarded,, 
especially by European writers, as the equivalent of the Cuboidea 
fauna of the lower Upper Devonian. It is usual to find through- 
out European literature, in discussions upon the comparative value 
of these faunas and in comparative lists of species, this Tully 
limestone referred to the base of the Upper Devonian. The 
writer has himself thus referred to it on several occasions, t Thia 
is not the position in the geological scale to which it has been 
assigned by professors Hall, Dana and the American geologists, 
generally. This limestone is the American horizon of Rhyn- 
choneUa cuboides (as identified by Conrad in 1842, R. venuttula 
Hall, 1867 ), but this species is the sole distinctive representative 
of the Cuboides fauna in a fauna otherwise essentiall}' of middle 
Devonian age. The case is not parallel to that of the Iberg^ 
limestone fauna ; in the latter the middle Devonian element, 

*I>le Fauna dos mlttleren und obercMi Devon am West-abhango des. 
Trals, p. 10, 1887. 

fDie Fauna des Iberger-kalkes, p. 385. Forty-second Ann. Rept. 
N. Y. State Museum, p. 405, 1889. See also Palaeontology of New 
York, vol. vli, p. 13. 
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though preponderating in actual number of species, is a far less 
percentage of the index fossils of the middle Devonian than the 
upper Devonian species there are of typical upper Devonian 
faunas. Until quite recently no very detailed study of the TuUy 
fauna had been made, but in a late paper it has been discussed at 
some length by Mr. H. S. Williams of Ithaca.* Mr. Williams 
has adduced considerable new data without however elucidating 
the character of the entire fauna as known to-day. Conceding 
the well-known fact that the great majority- of the species are those 
of the preceding fauna of the Hamilton shales, the author says : 
^*The fauna of the Tully limestone is made up of two groups of 
species, first those, having closely allied forms in the immediately 
preceding middle Devonian formations ; second, those having 
closer affinity with European forms than with any species occur- 
ing in the lower formation of America. " ^ * In the Tully limestone 
the latter class are few. " Of this smaller group the following 
fossils have suggested to this author points of comparison with 
species of the Cuboides fauna : 

OrihU tulUensii Hall. 

This Schizophoria is represented in the middle Devonian 
throughout Europe by the well known 0. stria tula and some 
allies. It also occurs in the Cuboides fauna of the Eifel and fre- 
quently in the Intumescens zone. In America the type of struc- 
ture exemplified by this species dates as far back as the middle 
I'pper Silurian and becomes more or less abundant throughout the 
Devonian, but this species itself, as Mr. Williams has verj- ac- 
curately said, has a stability of form which is not manifested by 
its successors 0. impressa, 0. iowensis^ 0. niac/arlanii; a feature 
in which it agrees with the earlier Devonian, 0. propinqua, of the 
Comiferous limestone. It would puzzle an expert student to 
point out differences of even varietal value between the Comifer- 
ous and Tully forms, and a palseontologist better familiar with the 
European than with the American Devonian would certainlv refer 
without hesitation both to 0. striatula. In the Hamilton fauna of 
New Yoric, 0. TuUiensis is not known to occur, but in the cement 
beds about Milwaukee it appears in association with a strongly 
emphasized Hamilton fauna. This fauna has been described by 
Mr. R. P. Whitfieldt though the species in question has been 
referred by him to 0. impressa. 

•The Cuboides Zone and Its Fauna ; A discussion of methods of corre- 
lation. Bull. Geol. Soc. Amer. Vol. i, pp. 481-500, pis. 11-13, 1890. 
fGeology of Wisconsin, vol. iv, p. 324 ets&i. 
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Wisconsin is one of the areas where the life of 0. propinquct- 
tulliennt was continued into association with a typical Hamilton 
fauna. There Rhynchonella cuhoides-venuttula is absent, but the 
reappearance of 0. propinquartullien$x9 in the Tully limestone is 
quite as likely due to its return eastward as to an immigration from 
the east We do not follow Mr. Williams in the statement that 
* < Its appearance in the following zone in New York, i. e. , the 
Ithaca formation and the High Point fauna in Ontario county, 
suggests that the fauna to which it belongs is more directly asso- 
ciated with what follows than with the New York Hamilton fauna " 
(p. 492). The High Point species is not a Schizophoria of this 
rigid specific type but is susceptible to ver}' considerable variation 
and is more nearl}* like the form described by Meek as 0. Mao- 
farlanix. Moreover neither the Ithaca formation nor the High 
Point fauna constitutes the zone next following the Tully lime- 
stone in New York. 

Strophodonta perplana Conrad (sp. ) var. tullientis Williams. 

The author makes an evidently good separation of a small form 
of this species with mucronate cardinal extremities, but the cor- 
relative importance given to the variation is far overwrought He 
sa)^ (p. 493): **The second species, S. perplana var. ttdliensis, 
is a mutation (sic) of the race which begins in Stropkomema olter- 
nuta in the Trenton stage. " Undoubtedly Strophomena altemaia 
is a representative of the stock from which the strophodontoid 
line emanated, but the ^^race" did certainly not have its begin- 
ning in this Trenton species.* Attention is called to the fact that 
at the base of the Devonian the ^* race ," referred to develops into 
two ** races" (p. 493), one a thin flat form, typified by S, perplana 
Conrad, which is said to be '<an American type and is seen with 
variations all through our Devonian, but it is not described in the 
European Devonian." Nevertheless the tj^pe is well known in the 
European Devonian and is represented by Strophomena explanata 
Sowerby, as identified by Kayser who states that it is known to 
him from all horizons of the Rhenish lower Devonian and is no- 
where especially rare, t 

The other **race," which is really the normal line of stropho- 
dontoid development, maintains the convexo-concave contour. 
**This is the Orthis interstrialis Phillips, of the European Devo- 
nian and Strophomena imvquistrinta Conrad, of the New York 

*Lcpta^na incrassatn and L. fascUita Hall, of the Chazy limestones are 
specieit congeneric with StropfiomeTui aUematd. 
fDie Fauna des Hauptquartzits. p. 102, 1889. 
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Hamilton. The interstrialis race is recognized in our Chemung 
Strophodonta cayuta and in the upper and middle Devonian of 
Europe and the east in Strophomena dutertrii &nd S. aselli.'' It is, 
however, a fact that S. incBquistriata, S. cayuta and S. dutertrii 
represent a subordinate type of structure which has been desig- 
nated by (Ehlert with the term Douvillina. Whether S. inter- 
itrialU and aS^. aMtllx belong to the same group we have no definite 
evidence. It is further stated that in the European <^race" (re- 
ferring to the convexo-concave strophodontoids,) the terminations 
of the hinge develop into slender, mucronate points ; that in the 
American <<race'' (the flat group?) << these mucronate points first 
appear in the Tully limestone forms and are characteristic of the 
race afterward till it ceases. The representatives of this (mucro- 
nate) type of Strophomena are common in Europe throughout the 
Devonian, going under the specific names interstrialis, ocelli and 
dutertrii^ and the conspicuous development of the mucronate 
points did not appear till about the stage of the appearance of 
RhynchoneUa cuhoides.'' This argument is not a forcible one ; it 
is weakened, in the first place, by being based on distinct subor- 
dinate types of generic structure, and further, we might cite 
Strophodonta Junta Hall, of the Hamilton group as an example of 
a species which frequently' shows mucronate cardinal extremities, 
and to go back to the inceptive forms of the strophodontoid type, 
S. ledu Billings, has these extremities strikingly developed, and 
this is a form which differs no more widely from S, demissa^ the 
type of the genus Strophodonta than do the subordinate t^'pes of 
S. perplana and S. dutertrii. The species Strophomena armata 
and S. stephani Barrande, from the etiige F., are strophodontoids 
withe xtended cardinal angles. 

It is upon these two forms, Orthis tulliensis and Strophodonta 
perplana, var. tulliensis, together with Rhynchonella cuhoides- 
venustula, that the correlation of the TuUj^ with the Cuboides 
0one is based. One other direct comparison is instituted between 
the Tully and the Cuboides species. In reference to Bronteus 
tullius Hall, it is said that it ^^is closel}' allied to a form of the 
European Cuboides zone {B. jiahellifer Goldf)." But B. Tullius 
belongs to the subgenus Thysanopeltis (with spinous p3*gidial 
margin) and B. JlaheUifer does not. 

It does not appear that there is much reason for regarding the 
correspondence of the Cuboides fauna and that of the Tully as 
greatly fortified by this evidence. The bond between the two is 
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undoubtedly what it has long been known to b^, viz. : the coexis- 
tence of Rhynchonella cuhoides. The accuracy of regarding the 
TuUy as the time-e(iuivalent of the Cuboides fauna, even though 
it were by virtue of this fact alone is, of course, beyond contra- 
vention. 

Another significant feature in the correlation of the Xew York 
Intumescens fauna is the abundance of certain species of conifer- 
ous woods. These are of much more frequent occurrence in the 
first appearance of the fauna, than in its reappearance, one species, 
described by Sir William Dawson as Dadoxyhm darkii, being very 
common and occasional!}' appearing in the Naples beds above. Sir 
William has also identified the species D. newherryi Dawson, and 
Cladoxylon mirabile linger, from^the Styliola la^'er. The last of 
these species was described from the C^'pridinen-schief er ( Entomi- 
den-schiefer, T. R. Jones) of the Thuringian Forest (Saalfeld)* 
and identified b}' Dawson in 1882. t In a recent paper J on these 
fossil woods Sir William says in regard to the species Z>. (Cor- 
daioxyhn) clarkxi (p. 243); *' I ma}' now add that the species is 
ver}' near to Arauca rites ungeri of Goeppert, from the C^'pridinla 
shales of Thuringia. This species appears to be the same with 
that originally described by linger as Aporoxylon primigeninm. 
The original description and figures of Unger did not pennit an 
exact comparison, but as now figured by Stenzel in his revision of 
G<jepi>ert's species, it approaches so near to D. clarkii aa to suggest 
the suspicion that it may be the same or a very closely allied 
species. " 

In the same paper professor Penhallow discusses at some length 
finely preserved si)ecimen8 of KaJymma gmndis Unger (the 
original also from the Cyprindinen-schiefer at Saalfeld), from the 
Black Shale of Moreland, Kentuck}', a horizon which, though 
little studied, will probably prove equivalent to that of the Styli- 
ola layer. I 

These woods introduce an interesting element into the association 
of fossils of the Intumesccns zone, seeming to indicate a more 
rapid migration of the terrestrial fiora which characterized the 

^Beftr. zur^PalftoiitologieTdes^ TharingeFVValdes, Zweltcr Theil, p. 93, 
pi. xli, figs. 0, 7. 1856. 

f Fossil Plants of tho Erlan and Silurian of Canada, pt. ii, p. 126. 1.882. 

JNotos on Specimens of Fossil WcmkI from the Erian (Devonian) of New 
York and Kentucky, by Sir William Dawson and Prof. I). P. Penhallow; 
Canadian Record of Science, vol. iv, January, 181U. 

{Dr. C. E. Beecher, whocolleeted the specimens of Tnttymmn grnndi9 
referred to, informs the writer that GonUitltea inUnncsccUH occurs in the 
same rocks. 
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middle Upper Devonian of Europe, than of its marine fauna. 
Nevertheless, it may be observed that the fauna contains an un- 
described species of Goniatites not far from G. m uensteri and an 
Entomis allied to E. {Cypridina) serratostriata^^ both of which 
characterize the upper zones of the Devonian in Westphalia. 

In conclusion it ma}' be said that we have in the Upper Devonian 
of western New York, at the base, in the TuUy limestone, a 
sparsely represented time-equivalent of the Cuboideszone (brach- 
iopod facies); this is followed by an abundant development of a 
normal Intumescens fauna, involved in shales which bear to a 
greater or less extent a fauna of a local or indigenous character. 
This Intumescens fauna or cephalopod facies of tlie lower Upper 
Devonian, includes certain elements at a maximum development 
( Cardtola retrostriata, conifemus woods) which in the European 
succession, frequently occup}' distinct horizons below and above 
the normal horizon of the Intumescens zone. 



ON A PECULIAR FORM OF METALLIC IRON FOUND 

IN HURONIAN QUARTZITE, ON THE NORTH 

SHORE OF ST. JOSEPH ISLAND, LAKE 

HURON, ONTARIO.* 

By G. Christian Hokkman. F. Inst. Chem., Chemist and Mineral<>firist to the 
Geolog^ical and Natural History Survey of Canada. 

In the course of examining some surface specimens of quartz- 
ite* from the north shore — fifth concession, back of Camperaent 
d'Ours — of St. Joseph Island, it was observed that certain faces, 
apparently fissure surfaces, of the same, were coated with a thin 
deposit of dark reddish-brown limonite thi'ough which was dissem- 
inated numerous metallic looking spherules, thereby imparting to 
it an oolitic structure. In the specimen which best showed its 
mode of occurrence, this deposit formed a la3'er, on one face, of 
from one to one and a-half millimetre in thickness, and this, judg- 
ing from the appearance of the exposed surface of the same, 
which showed indications of having been a contact surface, may 
perhaps be fairly assumed to represent the diameter of the origi- 
nal fissure. Running parallel to and in direct communication 
with the latter was a gouge-shaped groove measuring where it 

*From the Transactions of the Royal Socioiy of Canada, vol. vlli, I8i»l. 

'A greyish, In parts greenish and brownish colourod <|uartzlte, with 
here and there an inclusion of white vitreous quartz, and red and black- 
ish or brownish black Jasper. 
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opened into the fissure, its widest part, five millimetres across, 
and having a varying depth of from five to six millimetres. 
This groove, retaining these dimensions, extended right across the 
face of the specimen, which face, in this direction, measured four 
centimetres. There was nothing to indicate what the probable 
length of this groove may have been, as it occurred in the rock, 
in situ, or whether it oocupied a vertical, horizontal, or intermedi- 
ate position, although conjecture might perhaps, in this particu- 
lar instance, favour the former view. It was closely packed with 
material of precisely the same character as that contained in the 
fissure, the material of the one forming an uninterrupted connec- 
tion with and, as it were, extension of, that of the other, so that 
we may indifferently regard the material in the fissure as an over- 
flow from the groove, or that in the latter, more especially if this 
mercly represented an elongated cavity, as a filling in from the 
former. 

No metallic grains or matter likely to have resulted from the al- 
teration of the same, or mineral from which the iron could possi- 
bly have been derived, was observ^able in any other part of the 
specimens examined. 

The material which, as already remarked, had an oolitic struct- 
ure, was dense in texture and fiftnly adherent to the face of the 
quartz. It was found to be made up of: 

Metallic grains 58.85 

Limonite 39.73 

Siliceous matter \A2 

100.00 
The siliceous matter consisted of angular particles of quartz which 
had evidently been chipped off with, and remained attached to the 
material when removing it from the rock. 

The metallic grains varied greatly in size, the largest not ex- 
ceeding thirty-seven hundredths of a millimetre in diameter, 
whilst man}', perhaps the greater number, were of far smaller di- 
mensions, and others were of microscopic minuteness. Although 
diverse in form yet all were rounded and, for the most part, more 
or less spherical in shape. They were strongly attracted by the 
magnet and after separation by its aid from the associated non- 
metallic matter, aggregated themselves into loose bunchy masses 
or forme<l trains. Brittle — in the process of pulverization 
emitted a faint yet distinct phosphorretted odour. Colour of 
freshly fractured surface of metal, steel-grey. When immersed 
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in a solation of cupric sulphate the grains became immediately 
coated with a film of metallic copper. They were readily at- 
tacked by hydrochloric acid with evolution of hydrogen possessing 
a marked odour of phosphine, the latter, however, gradually 
passed off as digestion proceeded, when a peculiar fetid smell sim- 
ilar to that which characterizes hydrogen evolved from wrought 
iron or impure zinc, was observable. Hydrochloric acid did not 
effect complete solution — the undissolved material still presenting 
a metallic aspect ; a further treatment with nitric acid, however, 
jemoved the remaining metallic matter, leaving a granular, nucle- 
iform, non-metallic, insoluble residue. 

The metallic spherules were found to have a specific gra>ity, at 
15.5* C, of 6.8612, and a composition, as follows : 

Iron 88-00 

Manganese 0.51 

NIokel 0.10 

Cobalt 0.21 

Copper 0.09 

Sulphur 0. 12 

Phosphoras 0.96 

Carbon ? 

Organic matter undet. 

Insoluble, non-metallic, residue 9.76 

99.75 

The insoluble residue consisted of spherical, ovoid, etc. , shaped 
grains which were more or less coated with a yellowish-brown, ap- 
parently humus-like, substance. When broken, these spherules 
were seen to have a concentric structure, apparently of a concre- 
tionary character. On ignition the organic matter readily burnt 
off, leaving them snow-white. The ignited spherules were found 
to be exceedingly hygroscopic, so much so, that in the short space 
of time occupied in their transference from one container to an- 
other, they absorbed not less than 0.775 per cent, of water. 
An analj'sis of this residue gave the following results : 

Silica 9. 17 

Alumina 0.11 

Ferric oxide 0. 10 

Lime 0.06 

Magnesia 0.03 

Loss?* 0.29 

9.76 

*The analysis was conducted upon a very small amount of maU^rial 
—the silica may, not improbably, be a little too low. 
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Hence, the centesimal composition — of the metallic portion of 
the spherules, would be : 

Iron 97.79 

Manganese 0.57 

Nickel 0.11 

Cobalt 0.23 

Copper 0. 10 

Sulphur 0.13 

Phosphorus 1.07 

Carbon ? 

100.00 
and that of the insoluble, non-metallic, residue ; 

Silica 93.95 

Alumina hl3 

Ferric oxide 1.02 

Lime 0.62 

Magnesia 0.31 

Loss?i 12.97 

100.00 
The limonite did not contain any, so to say, denuded nuclei, so 
that supposing it to have resulted from the weathering of the me- 
tallic spherules, the change had in no instance proceeded so far 
as to effect the removal of the whole of the metallic covering. 
Some of the nuclei were of microscopic minuteness, hence it 
may be inferred that even the smallest of the metallic spheiniles 
contained a siliceous nucleus. The limonite gave no reaction for 
chlorine. 

From what has preceded it will be seen that the metallic look- 
ing spherules which were disseminated through the limonite, con- 
sisted of nuclei of silica coated with a humus-like substance which 
in turn, was overlain by a metallic layer, the latter containing all 
the elements most frequently met with in meteoric iron. The 
amount of phosphorus is relatively large, that of the nickel, how- 
ever, verj' small, consequently if it be regarded as present in the 
form of anv of the varieties of nickel-iron or schreil^ersite, it 
would represent but comparatively trifling amounts of either of 
these bodies. 

Owing to the fact that all meteoric iron contains nickel, the 
presence of that element in a native iron has generally been re- 
garded as evidence of its extra-terrestrial origin and for this rea- 
son the irons of Chotzen and Petropaulwosk although sometimes 

*The analysis was conducted tipon a very small amount of material — 
the silica may, not improbably, be a little too low. 
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mentioned in connection with those of accepted telluric origin* 
are, in consideration of their having been shown to be nickelifer- 
008, referred to by some authorities as most probably of meteoric 
origin. It will be remembered, however, that the native iron of 
Ovifak, Disco Bay, Greenland, which was at first regarded by the 
disooverer, Nordenskii^ld, and others as meteoric iron, also con- 
tains a certain amount of nickel, yet the observations of Steen- 
stmp, Tl)mebohm and Smith, make it ver}^ certain that the iron is 
not meteoric but of terrestrial origin, in which case the presence 
of nickel in an iron would not have the same significance as it was 
formerly supposed to have. 

Assuming, therefore, that the trifling amount of nickel present 
in tliiB iron would not necessarily imply a cosmic origin, the rela- 
tively large amount of phosphorus accompanying the nickel, the 
presence of organic matter^ and the fact of the spherules contain- 
ing nuclei, apparently of a concretionary character, would suggest 
the possibility of this iron having a terrestrial source, upon the 
assumption that it has resulted from the reduction of an iron-salt 
by organic matter, in which case it would have a community of 
origin with the sideroferrite* of Bahr. 

I am indebted to my friend Dr. A. P. Coleman for the skill- 
fully executed water-colour sketches from which the accompany- 
ing plate has been prepared. These will serve to convey a far 
more accurate idea of the material under consideration than any 
mere verbal description of the same possibly could. 

EXPLANATION OP PLATE. 

Fig. 1. Shows mode of occurrence of the material in the rock — 
Natoral size. 

Fig 2. Illustrates two of the most prominent forms of the me- 
tallic sphemles — Magnified 85 diameters. 

*Sach as the iron found by Andrews in basaltic rocks from the 
Giant*s Causeway, and that found by Mossier in lava from Gravencire 
in Aavergne. 

*The presence of organic matter of the nature (humus-like) of that 
here referred to would not appear to be inconsistent with an extra-ter- 
restrial origin. The meteorite of Alais contained a carbonaceous mat- 
ter which Berzelius considered might not improbably be humus. Woli- 
ler found the carbonaceous matter of the Kold-Boke veldt and Kaba 
meteorites to consist of a mixture of amorphous carbon and bituminous 
matters, described as not unlike Scheererite or Ozocerite. Cloez again, 
found the carbonaceous matter of the Orgueil meteorite to rosemble, 
both in appearance and composition, certain liumus substauces. 

»A native iron found by Bahr. in the form of grains, thin laminae 
and powder, in a fragment of mineralized wood — resembling bog-iron- 
ore in appearance — from a floating island in the Ranlanger Lake in 
Smaland, Sweden. 
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Fig. 3. Shows diversity of form of the metallic spherules and 
disposition of these to form trains — Magnified 25 diameters. 

Fig. 4. Exhibits form and structure of the siliceous nuclei (the 
largest of these having been selected) — Magnified 25 diameters. 



EDITORIAL COMMENT. 



The Crenitic Hvphothesis. 

It must be highlj' gratifying to the author of this work * that 
after so short an inter\'al as four years, he is called to issue a 
second edition, for it deals with some of the most advanced prob- 
lems of chemical and speculative geology, and is in demand only 
by those working geologists whose labor is in the Archean rocks. 

The most important part of this volume is that which treats of 
the origin and genetic history of the crystalline rocks, occupying 
chapters V and VI. From his long-continued chemical and mine- 
ralogical studies in the geognosy of the crystalline rocks Dr. Hunt 
derived the ** Crenitic hypothesis " of their origin. He shows that 
none of the hypotheses that had been proposed fully satisfied the 
conditions of the problem of their origin. 

There are six theories which he rejects. ( 1. ) That which he 
st3'les endoplutonic and which supposes the crystalline rocks to 
have been formed from the mass of the primeval globe as it con- 
gealed from igneous fusion, he shows, as remarked by Naumann, re- 
quires a progressive consolidation from the surface downward. 
This order is the reverse of that which has been established for the 
normal succession in the growth of the crystalline rocks. In many 
parts of the world observers concur in the statement that these 
rocks are newer in ascending order, and gradually assume, throogh 
the so-called transition strata, the physical characters of the un- 
crystalline and sedimentary rocks. 

(2.) The txoplutonic theory conceives the crystalline strati- 
form rocks to have been formed from volcanic ejectamenta from 
beneath the superficial crust of the earth. This includes, besides 
lavas and pyroclastic rocks, the ordinary products of volcanoes, 
according to some of its adherents, also hydrated serpentinic and 

^Mineral PhysUAogy and PhynUygraphy ; a second neries of Chemical 
and GtoUigicnl Essays, T. Sterry Hunt. Second Edition, with new 
preface. Octavo, 710 pp., Scientific Publishing Company, New York, 1891. 
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feldspathic magmas, and even quartz, magnetite, limestone, rock- 
salt, anhydrite and some clays and sands. To this he states there 
is no evidence in the lithological character of these rocks of their 
volcanic origin. And that the universality of their distribution 
and unity of characters, as well as the thoroughl}* crystalline 
character of the gneiss, are incompatible with this idea. 

(3.) The m«tomorpAic hypothesis would derive the primitive 
strata from the consolidation and the recrystallization of detrital 
plutonic rocks, or at least from rocks derived from the destruction 
of other older rocks, the debris from which had been laid 
down in the bottom of the sea as sediments. The enormous thick- 
ness of the primitive strata, at least 30,000 feet, and their world- 
wide extent renders it inconceivable that any older lands could 
have existed capable of furnishing this amount of material by any 
such process. Again the crystalline condition of the gneiss is so 
perfect that it bears slight resemblance to any rock known to have 
been formed by such consolidation from sediments; and all 
examples of reputed metamorphic rocks like those of the primitive 
strata, of secondary or tertiary age, have, on careful examination, 
been found to be based on wrong observation. 

( 4. ) The meUisamatic hypothesis postulates the formation of vast 
deposits of limestone and their subsequent conversion into gneisses 
and schists b}' slow chemical replacement This has for its basis 
the occasional observed association of some silicates with calcite 
and their substitution for it. The author regards this hypothesis 
as a gratuitous one, and says that it < < would make as great a de- 
mand on our credulity as the metamorphic hypothesis itself. " 

( 5. ) The chaotic hypothesis, of Werner, which supposes that 
all the materials of the crystalline rocks were originally dissolved in 
a primeval sea, and were successively deposited in crystalline form 
from it, meets with insurmountable chemical difficulties, the chief 
of which is the inconceivableness of any conditions by which all 
these elements could have been held in solution b}' the ocean at 
any one tima This idea, successfully urged by Pla3'fair and his 
followers, *< contributed to the discredit which fell upon the Wer- 
nerian hypothesis. " 

(6.) The theory of Daubr^, the thermo-chaotic hypothesis, 
requires that the first oceanic waters be hot, and thus able to ex- 
ert a powerful solvent action upon the previously formed plutonic 
rocks of the primitive crust, transforming them into the present 
crystalline stratiform rocks. These waters were condensed upon 
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the primeval surface under a pressure estimated to be equal to 250 
atmospheres, corresponding to a temperature near that of redness. 
This process Hunt regards as prior to that in which the actual 
crystalline rocks were formed, their mineralogical characters and 
associations being incompatible with the elevated temperature sup- 
posed. This early history was but a preparation for the generation 
of the crj'talline schists, whose temperatures must have been such 
as to allow the existence of organic forms, evinced by Eozoon^ by 
limestones, quartzytes, carbon, etc. 

These difflculties show that no previous hypothesis meets all the 
conditions. The author therefore proposes the Crenitic Hypothesis. 

In the author's mind this hypothesis has been a gradual growth, 
its various stages of advance being recorded in his successive pub- 
lished papers, since 1858. It *< conceives the crystalline rocks to 
have been derived, directly or indirectly, by solution from a primary 
stratum of basic rock, the last congealed and superficial portion of 
the cooling globe, through the intervention of circulating subter- 
ranean waters, by which the mineral elements were brought to the 
surface. ♦ ♦ ♦ The. cooling of the surface of the 
earth by radiation, and the heating from below, would establish 
in the disintegrated, porous and unstratified mass of the primary 
[basic] layer, a system of aqueous circulation, by which the waters 
penetrating this permeable layer would be returned again to the 
surface as thermal springs charged with various matters, there to 
be deposited. The result of this process of upward lixiviation of 
the mass would be the gradual separation of the primar}', undiffer- 
entiated la3'er into an upper stratum, consisting chiefly^ of acidic 
silicates, such as feldspars with quartz, and a lower, more basic 
and insoluble residual stratum charged with iron oxide and mag- 
nesia, the two representing respectively the overlying granitic and 
the underlying laj'ers, the presence of which beneath the earth's 
surface has generally been inferred from exoplutonic phenomena. " 

The fundamental fact of this hypothesis is the formation, by 
aqueous secretion, of zeolitic minerals in the cavities of basic 
eruptive rocks. This is pursued in its ramifications and modifi- 
cations until it is found that orthoclase, quartz, albitc, amphibole, 
garnet, epidote, magnetite, hematite, native copper, native silver, 
and in fact nearly all the minerals that are found in the gneisses 
or in schists, and many others, are explainable by aqueous secre- 
tion from basic plutonic rocks. 

The argument is pusheil to its conclusion with a wealth of il- 
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lustrations and a redundance of chemical interpretations which 
have made Dr. Hunt's writings unique in American geological 
literature. Among other facts he quotes the remarkable discovery 
of Murray and R^nard, viz : that a decomposition of volcanic 
detrital material goes on at low temperatures in the depths of the 
ocean, transforming basic silicates, represented by volcanic glasses, 
such as hyalomelane and tdchylite, into a crystalline zeolite on the 
one hand, and the characteristic red clay of deep-sea deposits on 
the other. This goes on at a temperature approximating zero, 
centigrade. 

As a theory the **Crenitic hypothesis" is well set on its 
legs. It has to undergo yet the fire of innumerable criticisms 
and the counteracting effect that may come from a more perfect 
knowledge of Archean stratigraphj^ itself than is evinced by the 
author. There is great diversity in the Archean rocks, and yet a 
grand progression in their general lithologic aspects. A stumbling- 
block which the theory will encounter at once is its ** sweeping '* 
scope. The Archean rocks are all subjected to its single operation. 
That has been the trouble with all former hypothesis. They have 
been based on partial evidence. All these rocks have been thrown to- 
gether in a lot, and if a part of them have been found explainable 
by any observed process, that has furnished foundation to explain 
them all. It will meet with another obstacle in the fundamental 
assumption that the supposed crenitic circulation of water in early 
Archean time would in the first instance, bring siliceous elements 
in solution to the surface, and would reject the basic elements. In 
the scale of solubility silica ranks very low among the natural 
mmerals, and it is questionable whether natural waters would pre- 
vailingly take it into solution to the neglect of the others. Would 
not the order be the reverse from that supix)sed ? Would not the 
natural effect be the rejection, as a whole, of the more insoluble 
siliceous elements, and the removal of the basic by solution ? Is 
it not after water has first become charged with alkalinic or other 
solvents that it attacks silica and carries it in solution ? Is it not 
true that the characteristic elements of the supiX)sed residual 
stratum, (iron-oxide and magnesia) arc themselves more soluble 
than the characteristic elements of the supposed crenitic stratum 
and hence that they would be brought sooner to the sui-faee ? 

The hypothesis starts out with a statement of what appear to 
be contradictory postulates, viz : First, the primitive basic stratum 
is said to be * *the last congealed and superficial portion of a cooling 
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globe/' leaving us to suppose that the lower portions were cooled 
and congealed earlier, yet the circulation of the crenitic water is 
instituted and maintained by the < ' cooling of the surface by radia- 
tion and the heating from below. " 

The ** greenstones" form the uppermost member of the pre- 
Taconic crystalline rocks. They are characterized by their re- 
semblance to the supposed << residual stratum," i. e., they contain 
in abundance the * insoluble oxide of iron and magnesia." The 
author supposes, in partial accordance with the latest deductions, 
that these rocks are the result, first, of exoplutonic extravasation, 
and second, of the chemical deposition of magnesian silicates from 
solution derived from the action of waters on this extruded mate- 
rial. There is here apparently another anomalous supposition in- 
troduced, in that the action of the surface waters on this basic 
matter removed the lime and magnesia which are said to pass in 
solution into the sea, leaving of course the siliceous elements 
undisturbed or at least not carrying them into the sea. Yet this 
basic matter is said to have been derived from the supposed * * res- 
idual stratum " and must hence have been not very much unlike 
the basic primitive stratum on which the crenitic waters are sup- 
posed to have acted with a result almost the reverse. 

The author takes but little account of the grand physical struc- 
tures of the Archean rocks, such as bedding, dip, compression, 
shearing, schistosity, and the various more minute features which 
are generallj' considered as indices of a long ph3'sical histor}'^ and 
of the agency of mechanical forces in bringing these rocks into 
their present conditions. The idea of metamorphism from a 
stratified sedimentary origin is 8i)ecially denied. The results of 
late microscopic research into the intimate structures are passed 
bj' in silence. 

These are some of the obvious difficulties which arise in the 
mind of the reader who attempts to digest the argument, and are 
not supposed to be insurmountable objections to the hypothesis — 
though sometimes h3'potheses have been cast aside as worthless on 
no stronger evidence of inconsistency. 



REVIEW OF EECENT GEOLOGICAL 

LITERATURE. 



On the Nickel and Copper DeposiU of SiuUmry, OntarU). By Alfred 
E. Bablow, M. a. (of the Geological Survey Dcpt.) This timely paper, 
which appears in the June number of the Ottawa Naturalist, deals in 
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general with the discovery, geological relations, mode of occurrence, and 
composition of the nickel and copper ores in the Districts of Algoma and 
Nipissing, together with their preliminary metallurgical treatment as 
carried on in this district. The discovery of nickel in Canada dates 
back to 1846, when its existence in workable quantities at the Wallace 
Mine, on lake Huron, was made known. In 1856, Dr. T. Sterry Hunt in 
his analysis of some trap collected by Mr. Alex Murray of the Geological 
Survey from the northwestern corner of the township of Waters, showed 
that small quantities of nickel and copper were present. These deposits 
are composed of very intimately mixed chalcopyrite and nickeliferous 
pyrrhotite. The detection at some of the openings of polydymite, a fer- 
riferous sulphide of nickel, as well as a few undoubted crystals of mil- 
lerite seems to Justify the assumption that in the more highly nickel- 
iferous deposits, at least, the nickel is also present as a sulphide dissem- 
inated through the ore mass like the iron and copper. ' These sulphides 
may be said to occur in three distinct ways : 

1st, as contact deposits of pyrrhotite and chalcopyrite situated be- 
tween the clastic rocks, such as felsites quartzites, etc., and intrusive 
diabase or gabbro, or between these latter and granite or micropeg- 
matite. 

2d, as impregnations of these minerals through the diabase or gabbro 
which are sometimes so rich and considerable as to form workable 
deposits. These sulphides are in no case present as disseminations 
through the clastic rocks very distant from the diabase or gabbro which 
seems clear evidence that they have been brought up by the latter. 

3d, as segregated veins which may have been filled subsequently to 
the Intrusion which brought up the more massive deposits. These veins 
are not very common although certain portions of the more massive de- 
posits may have been dissolved out and re-deposited along certain faults 
and fissures. 

Assays made for the Canadian Copper Co., by Mr. F. L. Sperry, the 
chemist, show a range in the percentage of nickel from 1.12 per cent, to 
4.21 per cent, with an average of 2.38 per cent., while the copper varied 
from 4.03 per cent, to 9.98 per cent, with an average of 6.44 per cent. 
Mr. Hoffmann, of the Geological Survey, assayed four samples which 
showed the nickel contents to vary from 1.95 per cent, to 3.10 per cent, 
with an average of 2.25 per cent. The metallurgical treatment com- 
mences at the roast where the ore is piled in rectangular heaps on pre- 
viously laid cord wood and roasted for 50 to 70 days and when thoroughly 
done should contain about 7 or 8 per cent, of sulphur. It is then smelted 
In a very perfect water-jacketed furnace, the resulting product or 
* matte*' containing about 27 per cent, copper and 14 per cent, nickel. 
This is then packed in barrels and shipped to the various refineries of 
the United States or Europe according to their respective bids. 

The paper in question is the best report we have seen as yet upon the 
Sudbury region, and no one interested in the geological and mineralogi- 
cal problem involved, as well as the metallurgical points with which it 
deals, can be without it. 

On the Sequence of Strata forming ttie Quebec Group of Logan and 
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BillingH, wUh remarks on the Fossil Remains foniid therein, By Hexrv 
M. Ami, M. A., F.G. S., etc., of the Geological Survey of Canada. 

The above is the title of a paper commnnicatcK! to the Royal Society 
of Canada by Dr. G. M. Dawson at Its rae^'ting in Montreal last May. 
The paper dealt with the geological facts and grounds upon which the 
Quebec; group rested and made It a necessary terra In the geological 
sec^uence of strata in North America, but especially in the Province of 
Quebec. 

The separation of the various formations constituting this natural 
group based upon faunal as well as on other physical relations, pointed 
clearly to the existence of such a series of highly fossilferous sediment- 
ary strata as that which Sir William f^gan had recognized and Mr. Bil- 
lings so clearly demonstrated early in the sixties. 

The removal of the so-called Hudson River black graptolitic shales, etc., 
such as are met at Quebec City, on the island of Orleans, along the 
Marsouin river, and other places in the Province of Quebec, and at Nor- 
mans Kiln in New York state, in Penobscot Co., Maine, etc., from the 
upper-most position in the Ordoviclan system i.e.,immediately above the 
Utica formation, or just below the base of the Silurian (Upper Silurian) 
system was absolutely necessary in the light of facts, whether palseon- 
tological, stratigraphical or of other physical reasons. 

The characteristics of this series of rocks when studied in the field as 
well as in closer detail, point clearly to its intimate relation and asso- 
ciation with the L^vis formation of Sir William Logan's Quebec group. 
The L/'vis formation and the Quebec formation along with the Slllery, 
form a group of three formations which are capable of being subdivided 
in many instances into smaller zones and subdivisions, but all of which 
were deposited under similar conditions at a period forming the lower 
half of the Cambro-Sllurian or Ordovlcian period in geology. It will 
thus appear that the rocks constituting the Quebec formation (which 
term has been used to designate the hitherto so-called Hudson River 
graptolitic shales, having been adopted by Prof. Walcott and other 
American geologist,) form part and parcel of the (Quebec group of Sir 
William Logan and fall naturally as a division of that group. 

The intimate relations stratigraphical, palseontological and physical 
which exist between thesi* three terranes are very evident, and the paper 
go<»s on to deal with the faunas ent<)mbed in each. Extreme care has 
been taken to base all d<Mluctlon, whetlier palieontological or otherwise, 
on facts, and whether the species of fossils found and noted occur In situ 
or not, in loos«? bowlders scattered in the fields, or whether they occur in 
pebbles or in the paste of conglomerates and conglomerate-like bands, 
also where they cKCur, and the precise hxallty and pla<'e In the series 
have been asi'ertained, soas to leave out |)oss!billties of error as much as 
possible in a problem, whl<'h, like the present ()ne,a(Tords such diversity of 
relations and complexity of structure. 

This pai)er Is in fact a sequel to the author's paper read before the 
Creologlcal Society of America at Washington last December, and pub- 
lished amongst the Bulletins of that Society last April. (See Bull. Oeol. 
See. Am., Vol. 2, p. 4, TF— 502, Plate 20.) It will contain a synoptical 
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list of the faunas entombed in the strata constituting tlie Quebec group 
In the Province of Quebec, and reference, etc., points of contact between 
these and similar series in the Newfoundland section. 

On the Lower CamhrUm Age of the Stochhridge limestone. By J. E. 
Wolff. Bulletin, G. S. A., vol. ii, pp. 331-338, with two figures; March 
18, 1891. A detailed description of the structure of the Green mountains 
and western parallel valleys and ridges in Rutland, Vt., is here given 
with a map and a section. The rocks dip steeply eastward and comprise, 
in order from east to west, (1) the Green mountain gneissic schists, with 
beds of conglomerate ; (2) quartzlte, proved by Walcott's discoveries to 
belong to the Olenellus zone of the Lower Cambrian ; (3) the limestone 
of the Rutland valley, in which Dr. A. F. Foerste and Dr. WolflP last 
year found fossils at numerous localities, includinv a Snlterelln closely 
resembling or identical with S. cunxitus ot the Olenellus Cambrian of 
North AttIeboro,Mass.; (4) quartzite, conglomerate, gneiss, and schists, 
forming Pine hill ; (5) the limestone of the Center Rutland valley, In 
which Dr. Foerste has detected fossils of Lower Silurian age, like those 
found by Rev, A. Wing in the West Rutland limestone; (6) a belt of 
schists; (7) the limestone of the West Rutland valley; and (8) the 
schists of the Taconic range. The stratigraphy includes overturned 
folds and probably a thrust plain along which the Cambrian is pushed 
westward to overlie the Lower Silurian limestone. 

This paper has an important bearing on the vexed Taconic question, 
since in verifying the stratigraphy of the lower part of the Taconic as 
made out by Dr. Emmons, conforming in that respt»ct with results pub- 
lished in the last number of the Geoix)gist by Mr. Dale, it shows the 
partial incorrectness of the stratigraphlc scheme lately published by 
Mr. Walcott, and earlier by Prof. Dana. 

The OetAoQy of Mount Diablo, California. By H. W. Turner. With a 
supplement on The Chemistry of the Mount Diablo )f>cks, by W. H. Mel- 
ville. Bulletin, G. S. A., vol. ii, pp. 383-414, with a map and three fig- 
ures; March 30, 1891. Mount Diablo, an isolated peak of the Coast ranges, 
lying 27 miles east of San Francisco and rising nearly 4,000 feet from 
the sea level, was selected by Whitney, in the Geological Survey of Cal- 
ifornia, for detailed examination, which resulted in the discovery that 
the greater part of the metamorphic rocks of these ranges are of Creta- 
ceous age. More recently Mr. G. F. Becker, of the U. S. Geological 
Survey, has shown that only the Necocomian or basal strata of the Cre- 
taceous series have been highly silicified, serpentinized, and otherwise 
altered ; and the continuation of this Investigation by further field work 
and chemical analyses is described In the present pai)er. The metamor- 
phlsm probably took place at the time of the first folding and uplift of 
the Sierra Nevada, which Becker refers to the close of the Gault epoch. 
After this date four terranes, namely, the Chico, Tejon, Miocene, and 
Pliocene, were deposited In succession and conformably with each other 
upon the Mount Diablo area; and the main upheaval of this mountain 
occurred, according to Mr. Turner, at the close of the Pliocene. The 
uplift of the central metamorphic mass was so energetic that part of the 
strata to the south were thrown into an overturned fold, and In one 
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locality there is an overthrust fault, with horizontal displacement of 
about one mile. As to the nature of the disturbances which In late 
Tertiary time and at its end formed the system of the Coast ranges, this 
author believes, with Whitney, that they were '* sudden and sharp, so 
that the result may be called a crushing and breaking rather than an 
uplifting and folding." 

Two belts of foHHlliferouH hUick fifuilc in the Triasftlc formation of Con- 
necticut. By W. M. Davis and S. Ward Loper. Bulletin, G. S, A. vol. 
!i, pp, 415-430, with three figures ; April 9, 1891. Professor Davis dur- 
ing tne past nine years has given much study to the Triassic area of the 
Ck)nnecticut valley, and the first part of this memoir gives a summary of 
his conclusions, as published more fully in earlier papers, concerning 
the structure of the Triassic formation, with its several trap sheets, in 
the vicinity of Meriden. Three principal overflows of lava, named by 
Percival the anterior, main, and posterior trap sheets, are interbedded 
with the upper half of the conglomerates, sandstones and shales; and 
besides at least one great intrusive sheet is found, its position being be- 
low the overflow and near the base of the formation ( Am. Geologist, 
vol. iv, p. 11?). The epoch of deposition was terminated by an upheaval, 
in which the whole series of aqueous and igneous beds were tilted and 
faulted, being divided into- long narrow blocks, from an eighth of a mile 
to a mile or more in width, with dislocations of upthrow on the south- 
east side of the fractures, varying from a few tens of feet up well to- 
ward 2,000 feet. Denudation ensued during the Jurassic and Cretaceous 
periods, reducing this broken country to a surface of moderate relief and 
low altitude ; but about the beginning of the Tertiary era it was again 
elevated, and the present hills formed by the outcropping edges of the 
trap sheets are partial measures of the extent of erosion since that time. 
These interpretations of the structure and history of the area have 
enabled the authors to discover a considerable number of new localities 
of the twofossiliferous horizonsof black shales which were before known 
in Durham and Westfield. The extreme points at which the Durham or 
lower bed has been thus identified are about fifteen miles apart, with 
ten well proved faults between them ; while fossiliferous outcrops prob- 
ably belonging to the Wesifield or upper bed are found in places sep- 
arated by fifty miles and by twelve or more faults. 

The greater part of the search for fossils has been done by Mr. Loper, 
who describes his methods of work and the localities which have been 
successfully explored. His provisional list of species comprises eleven 
fishes and ten plants, with otliers undetermined : and the search has 
yielded about 450 specimens of fossils, in addition to the many hundred 
which had been previously collected in Durliam. Five species of fish 
and five of plants are common to both the lower and upper fossiliferous 
belts,which are herecaMed respectively anterior and the posterior black 
shale, from the nearly associated trap sheets. 

Pnntoblhlion. An "International blblloKraplilcal review of the world's 
scientific literature.*' 

This is a very comprehensive and ambitious new journal, at least iij 
the scope which It proposes to cover. It Is edited by A. Kersha, C. E., 
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and it Is published at St. Petersburg, Russia. If it can be carried out 
on the plan of the first No. which was recently issued, there is no doubt 
that it will be a valuable publication for librarians, scientists of all 
kinds, and all students who desire to keep acquainted with the work of 
their fellows In other countries. But It will require a great outlay of 
money, and a large corps of sub-editors to abstract the proper condensed 
notes from the various publications of the world, and it will have to 
have free access to all scientific publications. This will require the es- 
tablishment, at once, of a library of large dimensions. The first number 
contains about 1,200 titles of new publications, 80 critical articles or re- 
views of leading books, and an index of contents of 270 periodicals, and 
embraces scientific literature of all countries of the civilized world, in 
all the principal languages. New York, D. Appleton «& Co. 

Oeology of the environs of Quebec^ tvlth map and sections, Jules 
Makcou. (From the Proc. Boston Soc. Nat. Hist., Vol. xxiv, pp. 202, 

227.) 

This is a clear and concise statement of the geological features of the 
vicinity of Quebec. It treats especially of the falls of Montmorency, 
Charlebourg, Indian Lorette, Quebec City, Point Levis and La Chaudiere's 
fall. With the exception of a narrow belt of Champlain rocks which is 
represented running east and west from the vicinity of Montmorency 
falls to and west from Indian Lorette, all the concerned region is in- 
cluded in the Taconic (upper and middle). The structure of the rocks 
at the Redoute, at Point Levis, and of the hill at Quebec are represented 
to be similar, in that there Is an under dip of the strata, at both points, 
on each side of the hill, the intervening strata, forming the elevated 
part of the hills, being supi)osed to wedge out downward, owing to the 
sharp folding and the close pressure. The fossils lately found by Mr. 
Ami and others indicating a more recent age for these strata are be- 
lieved by Mr. Marcou to be not indicative of their age, being some of 
them entirely new species, and when not new, entirely explainable on 
the theory of Barrande ^Ulcs colonies,'' and strictly of Taconic age. 
The quartzyte at Montmorency falls he considers of unknown age, 
though there is no valid reason against considering it of the age of the 
Granular quartz, of Vermont. Until it can be shown that between the 
time of the Trenton, which lies horizontal on the quartzyte at Mont- 
morency falls, and the Taconic which is everywhere subject to great 
upheaval and to the interstratification of igneous rock and to the uncon- 
formable overlie of the Trenton, there was an epoch of rock-making 
like these Quebec rocks, and that later, and before tlie advent of 
the Trenton, these strata were upturned to verticality, the general 
geognosy of the region certainly seems to agree witli the viows of Mr. 
Marcou. The rocks that may be said to intervene between the Trenton 
and the Taconic in the region are theChazy. Calciferousand the St. Croix, 
but these, wherever they liave been identified, are nearly horizontal and 
indicate nothing of contemporary volcanoes and later upheaval and 
crumpling, and within so small an area they could hardly be ex[)e(ted to 
vary so much. The researches of Mr. Ells, under the Geological Survey 
of Canada, point to the conclusion that these rocks are divisible between 
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the Cambrian and the Taconic, i. e. between the second and the first 
faunas. The Levis strata and the City of Quebec rocks he places to- 
gether under the term Levis (for which, however, Mr. Ami prefers to 
retain the name Quebec ;, and the Slllery strata, underlying the Levis, 
he would locally designate by the term Sillery. This Sillery consists of 
two parts, a series of shales and sandstones and a series of quartzytes 
and limestones, the latter unconformable below the former. This un- 
conformity within the Sillery, which is the Taconic of Emmons, cor- 
responds with a great break which has elsewhere been discovered in the 
Taconic, and apparently marks the date of outbreak of the eruptive 
fades of that period. The red shales of the upper Sillery are analogous 
to the red shales and sandstones of the Georgia of Vermont, and of the 
upper part of the Nipigon series of the Northwest, and the underly- 
ing limestone and quartzyte seem to be on the stratigraphic level of 
the WinooskI marble and Granular quartz of Vermont, and of the Pewa- 
bic quartzyte and "cherty limestone" of the Mesabi range In Minne- 
sota. This would make the Sillery the representative of the upper iron- 
bearing formation of the Northwest, and of t^e Taconic district of 
western New England. The intensity of this outbreak, and its wide 
extent, are shown in the fact that it accompanies this horizon all along 
the Appalachian chain, through New Jersey, into the Courtland region 
of New York, the Adirondacks, and thence through the Canadas to the 
regions of the Great Lakes. 

An ErpedUion to Mt. St. ElUts, Alaska. Israel C. Russell. (Nat. 
Gftog. Mag. Vol. Ill, pp. 53, 204, May 29, 189L) Eighteen plates, $1.50, 
Washington. 

This very interesting and valuable number of the National Geographic 
Magazine, which is wholly taken up with this report, contains a very 
full description of the experiences, and the results, of the expedition of 
1890, under the auspices of the National Geographic Society, led by Mr. 
Russell. The usefulness of modern photography to geology and geog- 
raphy is beautifully illustrated in the numerous handsome plates which 
are given. The volume is a very valuable addition to the literature con- 
cerning Alaska, and adds very much to all former reports on the topog- 
raphy, geology, and especially on the glacial geology of that territory. 

Geologtcal Survey of Xew Jcrncy. Annitnl Reixtrt for 1890, John C. 
Smock, state geologist, Trenton. 1891. pp. 305, three maps. 

This valuable report embraces a summary report by Prof. Smock, a 
brief report by E. A. Bowser on the condition of the Coast and Geodetic 
Survey in the state, a report on the geology and other features of the 
iron mines by Frank L. Nason, including a chapter on the post-Archean 
age of the white limestones of Suss<»x Co., and an elaborate report by 
C. C. Vermeule on the water-supply and water-power of the state. Al- 
together the document indicates a state of healthy activity for the 
survey. 

We have noticed the high scientific value of the report of Mr. Nason 
who has brought out some very important facts respecting the white 
limestones and iron ores of Sussex county. Already this had been fore- 
shadowed by the article of Mr. Nason in the April No. of the American 
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Geologist (Vol. VII, p. 241), on the Post-ArcMnn iuje uf the white Ume- 
sUmcH of SuHsscx county. It is true that the views of Dr. E. Emmons 
since 1846, and of all his school, have made the Taconic strata pass 
through that part of New Jersey, for it is well known that the geology 
of northern New Jersey is but a continuation of that of southeastern 
New York, but the views of Prof. Dana as to the Archean age of these 
gneisses, and of the accompanying limestones, based as they were on 
the supposed infallibility of chondrodite as a sign of that age, have pre- 
vailed very largely, and these ores have therefore been classed as Ar- 
chean. The discovery of Olenellus in the quartzyte underlying the 
limestone effectually removes them from the Archean, and as fatally 
overthrows the dictum that chondroditic limestones are certainly Ar- 
chean, since large quantities of that marked mineral are found in them 
here. It even points to the reverse, and shows that if chondrodite has 
any value as an indicator of the age of a limestone, it marks the lime- 
stone containing it as Taconic. Another important point established is 
the primordial (Taconic) age of the iron ores, and their close association 
with that limestone, which, coming from the so-called Archean region 
in southeastern New York, was carefully traced by Prof. Dana through 
western Connecticut, northward to Stockbridge, Mass., and to Rutland, 
Vt., where recently it has been proved to be of the same age by a similar 
discovery of Taconic fossils by Wolff and Foerste. This bears strongly 
against the idea that any part of the iron-bearing beds of the region 
traversed by this limestone are of the age of the Hudson River. 

The fossils that have brought about this result, and the chondrodite 
which have been found in the limestones, have both been determined by 
associates of Prof. Dana, at New Haven, the former by Dr. C. E. Beecher, 
and the latter by Prof. S. L. Penfield. These results are no surprise to 
geologists who have watched the course of geological research with 
Its tendency, relating to the Taconic, during the last six or eight years. 

There are, however, two important points in Mr. Nason's report, in- 
cluded apparently in his '* conclusions,'' to which we can not yet sub- 
scribe fully. First, it does not seem sufficiently proved that the blue lime- 
stone is the same in age as the white. It shows some singular contrasts 
and divergences. If both can be found to be fossiliferous that would 
settle it. Se&md, it is not sufficiently shown that there is no gneiss (as 
distinguished from granite) and that all the acidic crystalline rock con- 
cerned is eruptive. There is a vast amount of testimony that the lime- 
stone is interbedded and conformable with gneiss. It is hard to con- 
ceive how a limestone can be placed there, a fossiliferous limestone, and 
a quartzyte, without some other fragmental rocks to accompany them. 
If the limestone and the quartzyte are metamorphosed, what is the 
probable condition of those other fragmentals? Further north this 
limestone is said to be accompanied by conformable gneiss and mica 
schists. 

The Texan Permian and its Mesozoic Types and Fossils. (Bulletin of 
the U. S. Geological Survey No. 77, a^* stated on p. 8 ) 

In this bulletin Is presented a summary of the various kinds of evi- 
dence indicating the Permian age of a certain series of the strata in 
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western [I. e. northern central] Texas, which have been by some geolo- 
gists referred to the Trias, and by others to the Permian. 

It also contains an announcement of the discovery in those strata of 
certain types of invertebrate fossils which usually are regarded as in- 
dicative of their Mesozoic age, commingled with a considerable number 
of Carboniferous types. This discovery is the first of the kind that haa 
been published concerning North American strata, but it is similar in 
character to those made by Waagen in India, Qemmellaro in Sicily, and 
Karpinsky in Russia. A large proportion of the forms are well known 
Coal-Measure species. All these species are illustrated on accompanying 
plates, and some of them are described as new. 

The paleontological balance which is indicated by this commingling 
of earlier and later types in the Texan strata is treated as an item of 
evidence in favor of the Permian age. 

The closing portion of the bulletin is devoted to a general discussion 
of the subject of the existence of the Permian in North America. 

Paleontological ly this is a most important contribution to knowledge of 
North American geology and will be of inestimable value to the future 
student. The historical and stratigraphic discussions together with the 
generalizations in the concluding chapter do not, however, coincide with 
numerous observations of more extensive workers in the field. While 
Hitchcock's and McGee maps — which have never claimed to be any- 
thing but compilations — may have represented the area of the Red Bed 
formation in which the fossils occur as Triassic, numerous geologists of 
ability, Marcou, Newberry, Ball, and others, have always spoken of the 
lower division in which they occur as of probable Permian age. Prof. 
Bali, to whom credit is due for the scientific announcement and deter- 
mination of the particular localities discussed, first called attention to 
ItM verti'brates, Invertebrates and plants. (See American Naturalist, 
June, lH7i», Sept. 1H80). This naturalist, whom Dr. White seemed to 
have ov«»rIo<»ked, died In the field while exploring tlie region and pub- 
lished iiiily brief mentions which attracted Prof. Cope's attention to this 
unU|u<? field. The plants, which promise to be of as great interest as 
i\\v vert«'brates and Invertebrates, although announced twenty years 
ag(», have not yet attracted the attention of our paleo botanists. 

The eHp«»claI Interest of tills paper is the fact that It determines 
paleoiitologlcHlIy that of the great American terrane, known as the 
K<*d J{i*dh, only th<* basal portion are of Premlan age. These Red Beds, 
altliouKli o(riipyiii(( an area In Oklahoma, Kansas, Texas, New Mex- 
ico, Indian Territory, Utah and Arizona, equivalent to at least a 
twfMitieth <»f tii«» area (»f the United States, have never been systemati- 
cally Hiiidind or published. Numerous writers, Newberry, Marcou, 
Powell, Shumard, (ragin. Hay and others, have contributed local data, 
but no one has stutiled th(» terrane as a whole. Newberry, Marcou, 
Wah'oit, Hill iiave poiiit<*(i out the dlfTerent aspects of the upper and 
l(»wiT bfds and i\vpn'ss<'d opinions as to their diverse ages. Dr. G. G. 
Shumani.who ^^tiidicd thf uppermost Red Beds, argues from their paleon- 
tologh' i'v|«h'iH'e that tliey ar<» Cretaceous,* exactly as Dr. White argues 

•S<H* a Farfittl R»*pori of the Gfology of Western Texas, by Prof. G. G.Shumard, 
AuHtiii, I48(i. 
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from fossils collected at their base that they are Permian. Hill has 
shown In his Arkansas report the occurrence of typical Red Bed colors 
and gypum and that the upper limits are of Trinity age. (Uppermost 
Jurassic or basal Cretaceous). The fact is that the great Red Beds forma- 
tion began in late Carboniferous times, continued during Permian, Trias- 
8ic and Jurassic into the lower Cretaceous and should be discussed as a 
structural unit and not a time unit ; the student who will thus treat it 
has a grand field in American geology. 

This Red Beds Prernian must not be structurally confused with the 
Permo Carboniferous limestones of Kansas and with the white Permian 
limestones of the Guadalupe mountains as defined by the brothers 
Shumard. It is a later and overlying terrane, especially distinguished 
by complete absence of limestones except one stratum at its very base. 

Page 14 gives a section of the strata from eastern Navarro to Swisher 
county, Texas, including the Cretaceous, Carboniferous and Permian. 
The beds of the Upper Cretaceous Series are treated as distinct forma- 
tions, to-wit : (1) the Timber Creek formation, (2) the Eagle Ford for- 
mation, (3) the Austin formation, (4) the Ripley formation. The re- 
viewer can not agree with this new and inadequate nomenclature in 
place of the one so well established and in local use in the region, nor 
can it fill the stratigraphic requirements. These beds are not fonnations 
but merely beds on one great formation, and the term Ripley and Tim- 
ber Creek have no meaning in the Texas Region; Cope showed in the 
American Naturalist, 1887, that the latter name when first applied by 
Hill to the Lower Cross Timber beds had previovsly been applied to a 
terrane in New Jersey, while Hill has sliown that the terra ** Ripley 
group'' of Hilgard applied to only one horizon in the Glauconitic or 
Upper division of the Upper Cretaceous series of Texas. N<*iiher does 
the section include the great division known as tlie Ponderosa raarls ly- 
ing along the Austin chalk or the Upper or white cliffs chalk so well 
marked in northeast Texas and Arkansas. 
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COERESPOKDENCE. 



Area and Duration of Lake Aoassiz. Your July number contains 
a valuable article by J. B. Tyrrell, in which he criticizes the estimate of 
the area of lake Agassiz, about 110,000 square miles, or more than the 
conbined areas of the great Laurentiau lakes, as given in my recent re- 
port published by the Canadian Geological Survey. In reply I wish to 
explain that I have not attributed so great extent to lake Agassiz at any 
one stage of its existence, and to notice briefly how the beaches and 
terminal moraines indicate that this lake during both its earlier and 
later stages covered the greater part, probably three-fourths, of this area. 

The chief argument for this is the observed extent of the higher and 
earlier Herman and Norcross beaches, which have been mapped from 
near Red lake, Minnesota, southward to lake Traverse and thence north- 
ward through North Dakota to Riding and Duck mountains in Man- 
itoba, a distance of about 700 miles (Am. Geologist, vol. vil, pp. 194, 
222). Delta sand deposits, brought into lake Agassiz by the Saskatche- 
wan and referable to the Norcross and lower stages, reach from near 
Prince Albert, on the North Saskatchewan about forty miles west of the 
forks of the North and South branches, through a distance of more than 
a hundred miles eastward to the head of the Seepanock channel and the 
103d meridian (Canadian Pacific Railway Report, 1880, pp. 14, 19). The 
descent of the river in this distance is approximately from 1,250 or 1,300 
to 950 feet ; and the elevation of the west part of the delta is probably 
about 1,350 feet above the sea. As early as the time of the Norcross 
beaches, therefore, the recession of the ice-sheet had permitted the lake 
to extend along the whole front of the Manitoba escarpment, to the lat- 
itude of the north end of lake Winnipeg. The length of the Agassiz at 
that time was 550 miles or more, and I believe that its average width 
was not less than 150 miles, reaching east to the moraine which Mr. 
Tyrrell describes as forming the eastern shores and islands of lake Win- 
nipeg, with a hight of 100 feet on Black island. This moraine would 
then have been deposited In water 600 to 700 feet deep, bordering the 
ice-margin ; its knolly and irregular accumulations of drift would not 
have been subjected to the levelling action of the lake waves until the 
farther melting of the ice opened avenues of outflow to the Hudson bay 
and reduced the glacial lake nearly to the level of lake Winnipeg; and 
the latest change of the northward outlets may have lowered the water 
surface so rapidly and to such vertical amount that it left no distinct 
marks of erosion or shore lines on the upper portion of the moraine. 
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Before the successive northward outlets began to drain lake Agaii^iz 
below its channel of southward discharge at lakes Traverse and Big 
Stone, the border of the ice-sheet had been gradually melted back from 
lake Winnipeg to Hudson bay, and its thick central part which occupied 
the basin of Hudson and James bays had so far disappeared as to admit 
the sea there. At a time of halt or readvance, interrupting this re- 
cession, another terminal moraine appears to have been accumulated, 
crossing the Churchill and Nelson rivers, as observed by Dr. Bell (Bul- 
letin, G. S. A., vol. i, pp. 303, 300). If this belonged to the time of the 
Campbell or McCauleyville beaches, as seems most probable, the extent of 
the lake during these later stages of southward outflow was even greater 
than I have supposed it to be at the time of the Herman and Norcross 
beaches, and the area occupied by lake Agassiz in its numerous stages 
much exceeded that of my map and estimate. 

Though lake Agassiz attained vast areal extent, its duration or ex- 
tent in time was short, as is shown by the small volume of its beach de- 
posits and lacustrine sediments in comparison with lakes Bonneville and 
Lahontan and with the amount of post-glacial erosion and deposition on 
the shores of the great lakes tributary to the St. Lawrence and Nelson 
rivers. The geologic suddenness of the final melting of the ice-sheet, 
proved by the brevity of existence of its attendant glacial lakes, presents 
scarcely less difficulty for explanation of its causes and climatic con- 
ditions, than the earlier changes from mild or warm preglacial and in- 
glacial conditions to prolonged cold and ice-accumulation. 

Somerville^ Masn.^ July 7, 1891. Warren Upham. 

To THE Members and Friexds of the Correspoxdixg Geolo<*ical 
Chaiter of the Agoasiz Association : This brief report, covering the 
first year of the existence of the C. G. C. A. A. is published for the benefit 
of its members, and also for the information of others who are interested 
in geological pursuits and to whom the workings of the Chapter are un- 
known. 

The Chapter was organized In February, 1890, with a charter member- 
ship of sixteen. The constitution is modelled after that of the Gray 
Memorial Botanical Chapter of the A. A. It is our primary aim to or- 
ganize lovers of natural science throughout the land who are actively 
int<»re8ted in geology or its kindred branches, and to establish a stated 
means of communication whereby each may know what all the others 
are doing. By this means the student or amateur geologist of New 
England comes into correspondence with the workers in the South and 
West, and acquires a more accurate knowledge of these remote regions 
than would otherwise be possible. All the machinery of the organiza- 
tion is subservient to this central idea, — the mutual encouragement and 
help of workers in different sections of the country. Each member Is 
expircted to contribute a reiK)rt every thre<' months ** giving the result 
of his studies and personal researches in geology, mineralogy, or pale- 
ontology during the previous (luarter.'' These reports are then circu- 
lated throughout the Chapter, affording each member the opportunity 
to read, comment, and criticise. The experience of a year is abundant 
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evidence that this plan is a most successful means of developing talent 
and enthusiasm in geological work. 

During the year our numbers have increased from sixteen active mem- 
bers to thirty-two active and three honorary members. We have eleven 
active members in New York state, seven in Massachusetts, two in Ck>n- 
necticut, two in Illinois, and one each in Rhode Island, Pennsylvania, 
New Jersey, Maryland, Georgia, Ohio, Iowa, Minnesota, California, and 
Nova Scotia. 

The reports are uniformly excellent, giving evidence usually of a 
strong interest in geological work, and often exhibiting much labor and 
skill on the part of the writer. Over half of the reports arc illustrated 
with drawings or photographs, which always add greatly to the value of 
scientific papers. The range of subjects presented is very wide, as would 
naturally be expected from the variety of regions represented in the 
Chapter. There is no space here to enumerate even a few of the titles 
of reports, but we may say, without any risk of exaggeration, that the 
fruit of our year's work contains material which is valuable not only to 
the amateur but to the professional geologist as well. Within the year 
eighty-three reports were received as follows : nineteen in May, twenty- 
two in August, twenty-one in November, and twenty-one in February, 
1891. It will be seen that the increase in number of reports has not 
kept pace with the increasing membership of the Chapter. 

Our plan of work cannot fail to recommend itself to those who are 
practicing the truly scientific method of geological study ; and it is to 
such students that we extend a hearty invitation to Join us. A few more 
members of the right sort would greatly enhance the eflicicncy of the 
Chapter. 

Our past experience has suggested a few improvements in our modn^s 
opennidi which are being vigorously discussed among the members. 
This is not the proper place for a presentation of such matters ; the 
active interest shown by all in the improvement of the Chapter is a good 
omen and guaranty of greater success in the year to come than in the 
year just past. The following are the officers for 1891 : 

President, Frederick A. Voot, 844 Gonessee St., Buffalo, N. Y. 

OenenU Secretary, George F. Perry, Melrose, Mass. 

Tretisurer, Miss Isarella S. Deanf., 45 Park St,, Buffalo, N. Y. 

Executive .CouiwU, Amadeus W. Grabau, Soc. Nat. Hist. Boston, 
Massachusetts. 

Executive CauneU, Franklin W. Barrow^s, High School, Buffalo, N. Y. 

All who desire to join the Chapter will please apply to the General 
Secretary. Very truly, 

Buffiito, N. Y,, May 20, 1891, Franklin W. Barrows, 

Retiring President. 

Orange Sand, Lagrange and Appomattox. — The study lately be- 
stowed upon the formations of the southwestern states in connection 
with those of the North, and especially those of thf^ Atlantic slope by 
McGee, seems to render a revision and re-detinition of the above names 
desirable. The first two. Orange sand and Lagrange, were first applied 
Id 1856, by Safford, to a series of beds in west Tennessee that bear a very 
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close rosomblonco in general aapeet ; and in the mere reconnoisnance 
then made by SaflPord of the region, were by him presumed to be of 
identical age. In a subsequent report (1800) SalTord recognized the faet 
that a portion of the beds included by him in the above designation b«v 
longed to the Cretaceous; and he acc(»rdlngly defines the *' Orange Sand 
or Lagrange group" as being of Tertiary (probably Eocene) age. 

Meanwhile I had, in 1850, examined the {lortion of Mississippi adja- 
cent to tlie Tennessee line, and in subsequtMit years up to 18ftO tlie 
remainder of the stati*. I had found what I presumed to b<! Safford's 
Orange sand more wid(;ly developed in Mississippi th(*n even in Ten- 
nessee, and found it overlying the latest recognized Tertiary beds — llie 
Grand (Julf rocks. Accordingly I adopt«id SalTord's name in my Missis- 
sippi report of 1800, in wliich the features of the formation are de- 
scribed in considerable detail; and for reasons th<Te given the '* Orange 
sand'* is assigned to the early Quaternary. 

The int<TVontion of the war prevented any early c<»nference between 
Safford and myself en the subject; and it wasonly in 186U tliat I learniMJ 
that Safford assigned his ** Orange sand " and '' Lagrange,'' as a unit, 
to the Eocene age. 

During our subsequent correspondence it was developed that lignitif- 
erous beds of umiuestlonably Eoc(»ne age, exp(»sed not far from La- 
grange, Tenn., were included by SatTord within his group. I therefore 
suggested to him tliat the latter nam(; should be relaiiKnl for the yellow 
and gray lignitiferous sands of the Eocene that imnuHliately overlie the 
**Flatwo4»ds" or ** Porter's Greek" beds, which th<»mselves overlie di- 
rectly, and almost conformably, the uppermost Cretaceous. The name 
of *' Orange sand," on the otiier hand, it was agreed should designate 
the higher series, to which it is peculiarly appropriate. To this agree- 
ment we have since adhered, and have therein been followtni by other 
western geologists. 

As stat<*d in my Mississippi report of 18<)0, I had concluded from the 
descriptions of Tuomey and others, that tlui Orange sand extend<Kl with 
more or less similarity of character at least to South Can»lina, and prol>- 
ably along the Atlantic coast plain as far north as NVasliington. 

The excellent work carrl<*d out for sonu' years past by McOee, along 
the coastal plain of the Atlantic slope, while rest rh't lug sonu^what the 
suppos«*d northward extension of the formatiim, has shed much n<»w 
light upon its gen(*ral ^-elations and regioiuil mod ilicat ions; and wliile 
the identity of the whole Is uiujuestionabU' ami hence the prior dt^signa- 
tion (Orange sand) should stand in p!a«-e of tlM'name .Vppomattox applied 
by McOet! to tlie Atlantic portion of the foriiialion. yei the deviation of 
the former name from the acei-pted rule of forming such names from 
typ<» localities, as well as a certain «le«ree of confusion that has ckv 
curred in its a<'tnal use. seems to render a chani^e a«ivisabh». 

At a lat«* <*onference on the whole subject, participate*! in by Messrs. 
Mc(Jee, .loseph I)e Coiite, LouKhridije aixi myself, it was suggested that 
in view of the various objeriions to all the later names, that of ** Lafay- 
<»tle," which tlie formation ha«l borne f(»r several yi'ars in my early tield 
notes (from the typo localities in Lafayi'tte county. Miss., where I first 
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diHcriniinaU^d it from the Euc.oiie sands), might appropriately be adopted, 
with the assent of SalTord, as one of tiie parties to the former agree- 
ment. This having been secured, it would seem a<ivisable that all unite 
ui>on tlie use, hereafter, of "Lafayette" as the equivalent of the 
Onnnjv ti(tnd (as understood by SalTord and myself) of the southwest, 
and of tlie ApptmuUtox as deJined by McGee for tlie Atiantieand south- 
eastern states. Wliatever dilTenMUM^s of opIniiHi may exist in regard to 
the g«Mn«sis of tlie formation, or tlie assignnu^nt of particular Im^al 
phasi^s, will be more n^adily diseuss(*d and reconciled when a single 
name only is employed by all. E. W. IIiloakd. 

lierkelcif, Cal.y June /5, tsui. 

The ab<»ve paper was sent to me previous tc» publication for examina- 
tion, and, if acceptable, f«»r my approval. l*n»f. Ililgard has given the 
cornM!t history of the names ** Orange sand " and *' Lagrange," and, in 
the prosjiect of harmonizing views all around, thereby facilitating 
the study of tin? beds <'oncerned, I heartily concur in the conclusion 
r«*achcd by him in conference with the gentlemen mentioned abc»ve. It 
is pleasant to know that, in important points, a satisfactory under- 
standing now exists. Jas. M. Safkokd. 

Niwhville, Ttnn,, June rj, isoi. 

Rev of Lit 



rERSONAL AND S^dENTlFlC NEWS. 



Mr. Fkank L. Nason, Latk A.ssistant Gkolckjist of the New 
Jersey Geol(><(ieiil Survey, h:is been appointed to tlie i>o8ition of 
assisUint geologist on the (Jeoh^gical Survey of Missouri, iind will 
Ik,* in clKir<i;e of the exiiniination of the iron ores of the sUite. 
Other assignments for the summer work of the hitter survej* are 
as follows: l^of. Erasmus IFuworth has resumed work on the 
crystalline rocks and will iilsc^ collect maU»rial for the preparation 
of a re|>ort on the mineralogy and petrography of the state. 
l*r(»f. r. II. (Jord(»n has similarly resumed work in the coal fields, 
and most of his time will he given to the det:uled study and map- 
ping of the coal beds of Macon county. l*rof. J. E. Todd, of 
Tahor, la., has been engaged to take up the study of the (juarter- 
nary deposits of the state and to pr(4)are a report thereon. 

PiioF. Makk W. llAHHNMtToN, profcssor of astroiiomy and di- 
rector of the Detroit observatory at Ann Arbor, Mich., was ai>- 
jMiinteil by the secretary of agriculture to have charge of the 
•'Weather Bureau" at Washington, lately transferred from the 
War Department to the Agricultural Department, and assumed 
charge July 1st. 

TiiK ()<ii>KN SriKNTiFir ScnooL is to be a department of Chi- 
cago rnivcrsity. It is based on a gift by Wm. B. Ogden, first 
mayor of Chicago, lately <lfci<hMl by the executors of the Otjden 
cst:ite. The conditions attached by the executors to the gift — 
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which will amount to from three hundred thousand to half a mil- 
lion dollars — are, that the school shall be a separate department 
of the university, and bear the name of the Ogden Scientific 
School, its purpose being to furnish graduate students with the 
best facilities possible for scientific investigation by courses of 
lectures and laboratorj- practice. The income of the money ap- 
propriated is to be devoted to and used for the payment of salaries 
and fellowships, and the maintenance of laboratories in physics, 
chemistr}^ biology, geology and astronomy, with the subdivisions 
of these departments. A large share of the time of the professors 
in the school is to l)e given to original investigation, and encour- 
agement of various kinds is to be furnished them to publish the 
results of their investigations, a portion of the funds being set 
apart for the pui-pose of such publication. Some portion of the 
income is to be set apart for the purchtise of books to be placed in 
the special departmental and laboratory* libraries of the proposed 
school. 

Prop. P. Martin Duncan, a well known English geologist, es- 
pecially in the stud}' of corals, died in Ma}' last. As was the case 
with many others who have become eminent in geology, he began 
life as a physician, practicing medicine for many years. His first 
venture in science was in Botany ; ( Observations on the Pollen- 
tube, 1856). It was no part of his plan to seclude himself from 
the active duties of life while engaged in the study of science. lie 
was at the same time mayor of Colchester and curator of the local 
museum in that town which still shows the evidence of a manage- 
ment far ahead of the time when it was arranged. 

Later on Dr. Duncan removed to London, became professor of 
Geology at King's College and CoojKjr's Ilill, (the East India Col- 
lege,) secretary- and vice-president of the Geological Society, and in 
1879 president of the geological section of the British Association. 
In 1881 he received the highest honor in the gift of the Geological 
Society, the Woliaston Medal, and at different times served on the 
Council of the Royal Society and presided over the meetings of 
the Microscopical Society. 

Prof. Duncan's chief papers are his ^^Fossil Corals," the **Phy8- 
ical Geography of Euroi^e during the Mesozoic and Caenozoic 
eras elucidated by their Coral Faunas," his ** Revision of the 
Madreporaria ' and of the ^' Great Groups of the Echinoidea," 
with some later ones on ** Protozoa and Sponges." 



NOTICE. 



The "oeolooical. hwindler" again abroad. Bcodcr!) of the 
Oeoloaist will recall several references In the early numbers. Vol. I 
( 1888 ), to an adept Ihlef who had for several years practiced upon the 
geologists and other scientists of America with n good decree of suc- 
cess. This feilow was apprehended and served six months' Imprlson- 
raont In the Elkhorn jail, in Wisconsin, but on reteaso resumed his 
nctarions tricks. In January, 18S». he stole some microscopic objectives 
from the University of Cincinnati, and under the Instigation of Prof. 
Chas. H. Gilbert, the police of the city were pnl upon his trail. After 
a pursuit ot some weeks, tracing him In Indiana, Kentucky, and Teu- 




ncssee, he was apprehended at Nashville, and on trial was convlcled and 
sentenced for five yours for grand larceny, wt the Mtati' iH'iillriitlary at 
Columbus, O. He pleaded guilty and admitted that he was the "swin- 
dling geologist" of numerous aliases. 

In confinement ho made a good record for himself and was put in 
charge of the night-school. He would have been released, on iici-ouut 
of good behavior, at the expiration of three years and nine months 
under the rules of the Ohio ponlieutlary. In the full of IH'M, but under 
special protestations of reform he was given a dcgn-e of freedom at 
Columbus, which allowed of his release finally "on parole" for the re- 
mainder ot the term that he had W .serve. He remained fnr a time 



quietly at Colambus, as reporter for the Columbus Sunday World, 
Suddenly he appeared at Saginaw, Michigan, in violation of his parole, 
where he attached himself to the High school principal and addressed 
the pupils of the High school, claiming to have been a professor in 
Vassar College, Poughkeepsie, N. Y., and then connected with Smith 
College, but preferring his present occupation of dealing in fossils, as 
more remunerative. He sold the High school ten dollars worth of 
fossils. He said he was a Russian, descended from an eminent Russian 
Ideologist, and acquainted with the most distinguished geologists of our 
country — (his usual story, the latter part, alas, too true! ), also that he 
is the brother of the celebrated nihilist martyr Vera Sussulich, that he 
had fought in the Franco-Prussian war, and had been made a captain, 
dtc, etc. Thence he went to Lansing, Mich., and the speeches he made 
there were reported in the Detroit Tribune under the title — ** A man 
with a history.'' At Lansing, he claimed to be a mining engineer, and 
botoolc himself to the Agricultural College, where he '* named the fos- 
sils'' in the collection of that institution. 

On making inquiry as to the identity of this man with the '*0. L. 
Syrski," who had been a short time before released on parole, it was 
learned that, " in the language of the streets, Syrski has jumped his 
parole, beaten his boarding-house, and employer, and skipped," with 
the incompleted sentence still hanging over his head. 

He is now again launched upon the community, to continue tabe a 
scourge to scientists and amateurs. In addition to his standard way of 
representing himself as a geologist (or other scientist more rarely), as a 
Russian, often as deaf and dumb, and always making memoranda on 
little squares of colored writing-paper which he carries in very small 
vest-pocket blocks, and taking occasion to steal valuable books, instru- 
ments, and fossils from his hosts, he now has adopted also the method of 
corresponding with scientists, especially geologists, soliciting ex- 
changes, which of course he conducts dishonestly. 

He is thus described at Saginaw; a man of medium hight, of light 
complexion, with a light colored moustache, blue or grey eyes of great 
keenness and rather watery, and a firm jaw, giving decision to his con- 
versation. His language is fluent, and free from any foreign accent or 
peculiarity. He has lost one or two front lower teeth, and looks to be 
3.*) or 40 years old. The attached half-tone reproduction of his por- 
trait is from a photograph taken by the Cincinnati police at the time of 
his last trial and incarceration. The negative Is held by Vail Brothers, 
photographers, 254 Main street, Poughkeepsie, N. Y., and their price 
for a single copy is 25 cents. It is a very accurate portrait of him as 
he appeared three years ago, as many who have suffered from his thefts 
3an testify, except that he is a little more rough In his personal ap- 
pearance, in the portrait, than usual. 

Short notices of his career are given in The NaturalUVs Leisure 
Honr{A. E. Foote's), March, 1884 ( written by F. V. Hayden ), in 

Science, Jan. 14, 1887, Juno 17, '87, and in the American Oeologist, 
January, February, and April, 1888, and February, 1889. He has ap- 
peared under the following aliases: 'Gratacap," **Capt. C. E. Dut- 
ton, U. S. A.," **Prof. H. S. Williams," *' Ellis," *' Ellison," **Reit2 M. 



Vasillez," •• Vaslle," ♦♦Vasllief/' *»Robt. VerralP' or *'Varrall,'* »*0. L. 
Syrski," O. L. Sussullch," ** Leo Lesquereaux, Jr." (son of the late emi- 
nent paleoboUnlst), **W. R. Taggard," **Prof. Cameron," *»Prof. Le- 
veillo," and '*E. O. Strong." 

No one has yet been found who was a classmate to the swindler, nor 
has any knowledge been obtained as to the Institution where he gained 
his excellent higher education. He himself declares that he is a gradu- 
ate of the University of Kief In Russia, but no Inquiry seems to have 
been made into the truth or falsity of the statement. He has shown a 
familiarity with the Sclavonic languages by conversing freely with Poles 
and Hungarians In the quarries at Rondont, N. Y., in their own tongues. 

We have no vindictive feelings against the man at all, but we believe 
that we can do no better service to scientists In America than by putting 
them on their guard against strangers without good credentials, and 
arming them against **0. L. SyrskI," by giving this information. 

According to latest Information, a one-inch Zeiss microscopic objec- 
tive, which was on his person when captured in Tennessee, is still in 
the hands of the chief of police, Cincinnati, unclaimed. 

In August, 1887, he procured from Rev. Arthur H. Flack, president 
of the Claverack College, Claverack, N. Y., a loan of $15 on a spectro- 
scope which he left on his hands ** until he should return the loan." 
Of course the "loan" was never returned, and the stolen spectroscope 
still awaits its owner at Claverack College. 

American Geologist. 
May 15, 1891. 



Walker prizes ii| N^t^^*^! History. 



The Boston Sooiety of Natural History, offers a first prize 
of from 860 to $100 and a second prize of a sum not exceeding $50, for 
the best memoirs, In English, on one of the following subjects: 

1. An original investigation into any of the problems connected 
with the geology of the last Ice epoch in New England; any of the gla- 
cial features, as for instance the distribution and history of morainal 
deposits and eskers, or of sand plains may be selected. 

2. An original Investigation Into the recent changes of level of the 
whole or of a part of the shore line of the eastern United States. This 
Inquiry must Include observations on and discussions of the phenome- 
na exhibited by elevated sea margins and submerged forests. 

3. A study of any river valley in New England, containing an area 
of not less than one hundred square miles; the inquiry to include the 
preglacial history of the stream, the changes effected in the basin by the 
last ice epoch, the relation of the valley to the neighboring basins, and 
to changes of level of the sea. 

Each memoir must be accompanied by a sealed envelope enclosing 
the author's name and superscribed by a motto corresponding to one 
borne by the manuscript, and must be handed to the Secretary on or be- 
fore April 1st, 1892. 

Prizes will not be awarded unless the memoirs are deemed of ade- 
quate merit. 

For further particulars apply to 

SAMUEL DEXTER, 
Boston, July 1st, 1891. Secretary. 



An American Geological Railway Goide. 

Giving the Geological Formation along the llailroads, with Alti- 
tude above Tidewater, Notes on Interesting Places on the 
Routes, and a Description of each of the Formations. Bj 
Jamkk MAfKARLANK, Ph. D. , and more than Seventj'-five 
Geologists. Second edition, 18IK). 42G pages, Sv^. Cloth, 
$2. 50. 

D. APPLETON & CO., Publishers, New York. 



---^- GEOLOGIST. 

Accurate Reports on Properties in Texas, Arkansas, Indian 
Territory, New Mexico, Arizona and Mexico, and * 
in Southern United States. 



H. M. CHANCE. 

Coal and Iron Specialist. 

Properties examined and developed. 
Mining methods and appliances a specialty. 

418-420 Drexel BiiUding, PHILADELPHIA. 



Geologist and Chemist, 

Reports of mineral lands. 

Investigations of chemical aad physical subjeeti. 

1042 Drexel Biiilding. PHILADELP HIA. PA. 
WALPOLE ROLAND, 

Civil and Mining Engineer, 

PORT JlRTHUR, CANADA. 

J- n. iiEii3sriDOisr, 



Analytical Chemist ^ Assayer 

CHEMIST IN CHARGE CEOLOCICAL SURV EY OF T EXAS. 
•*•■ t. Rsnn-fit. AUSTIN, TEXAS. 



Consulting Mining Engineer, 

COLORADO STAT C OLOCI8T, OURAY, COLO. 

Will advise upon the development and manaviemcnl of mines. 



EVERETTE'S MINING OFFICE, 

Pioneer Mining Office of Pacific Northwest. 

IlAvinff the lanf<*Ht iM»rmanont brick a««iy fnnmces. chemical laboratory and 
minint; office on the northwcnt c<ta.Ht, with a collection of nlnnit 4.000 samples of 
theoH'Mof AhiMkii, BritiMli (Columbia, Oregon and the northweHt territoriea; and 
haviniT made iMTMonal examinations of nearly every nnninir camn on the Pikci6o 
slope fnun California t4» Aln.ska, 1 am pr(>pAred to do any cia.s8 of letritimate and 
h«>neHt mining work, Nuch as , „, * „ ^. 

Elxamlning, Engineering, Sampling and Reporting on the value of all Min- 
eral, Coal and ^re Clay Properties, Building Stones, Earths, Aaeajs and 



AnalysiB of Oree, Waters, Check Samples of Ore, Pulps. 

" Organic Analysis" work, and in fact any work connecte<l with the oiBce of a 
flntt-lcass mininir ireoloipst and cliemist. Any inf<«rnmtion mining men may 
desin' to know relative to the MINERAL OK COAL KK80URCE8 of the entire 
Pacific northwest will l»e luinestly Kiven. Addwss 1>K. Wl I.LI8 K. EVKT" 
Ci»nsultitig Mining Exi^ert and Geologist, 1.S18 E. Street. Tacoma, Wash. 
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PRELIMINARY NOTES ON THE TOPOGRAPHY AND 
GEOLOGY OF NORTHERN MEXICO AND SOUTH- 
WEST TEXAS, AND NEW MEXICO. 

By RoBT T. Hill, Austin, Texas. 

The topographic and geologic features of noilhern Mexico, and 
the Trans-Pecos region of Texas and New Mexico have been for 
several years a subject of profound interest to the writer, who, 
notwithstanding much study, involving thousands of miles of 
travel, still feels that he can contribute only a few data concern- 
ing this vast region, and that the main facts and details of its 
structure are still unraveled, especially those relating to oro- 
graphic and igneous geology, and he presents the accompanying 
description of a small, but typical portion of the area, with the 
hope that it may be of some assistance to those who are more 
competent to discuss as a whole the grander orographic features of 
our continent. 

I have previously shown the salient topographic features of the 
region to consist of: 

1. A series of present and ancient coast plains, consisting of strata of 
Trinity and later age, which covers the eastern half of the state, and 
collectively form what I will call the coastward incline: This embraces 
the coast prairies, the Washington prairies, the Eo-Lignitic or Forest 
region, the black prairie, the Grand prairie, and the two Cross-Timbers. 
The Llano Estacado in some respects may be classified generally with 
this region, but for the present, I prefer to treat it separately. 

2. The central denuded region, including the great rock sheet of the 
Paleozoic and early Mesozoic ( Red beds ) mostly dipping westw^ard, 
which lie unconformably beneath the group of the coastward incline, 
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and are exposed either by the removal of the latter through erosion, or 
being upturned in the two great mountain systems, which limit the 
region — the Ouachita on the north, and the basin ranges of the Trans- 
Pecos region and northern Mexico on the west. 

II The above mentioned mountain systems, the first of which the 
Ouachita system of Arkansas and Indian Territory is older than the 
plains of the coastal system, and against which they were laid down ; and 
second the Basin mountains which are composed of the uplifted, folded 
and crumpled southward edges of the earlier of these plains ; i. e, 
those founded on rocks of Cretaceous age. 

4. Plains of later age than the mountain foldings which were laid down 
against these newer mountains, and these include the Llano Estacado, 
and the later fornrations of the coastal series ; and lacustral basins which 
were laid down between the mountains and in vallej's of the plains like 
the dry lake beds of the latter region. 

Miiny f)f those features luive heen described in previous papers, 
especially those of the eastern half of the Texas region, and in the 
present paper. I wish to eontril)Ute a few facts concerning the 
Texas-Mexican extension of the Basin region. 

Among tlie most conspicuous of tlie iiasins are tlie lakes La- 
hontoii and Bonneville, numerous unnamed luusins in Arizona and 
in New Mexico; the Mesilla valley, the Franklin-llueco valley, 
and El .lornado del Muerto in New Mexico: the valley of the Salt 
Lakes, the Kagle Flats, and the Toyah- Pecos l)asin in Texas; and 
the basin of Presulio Del Norte, plains of (Miihuahua, Kl Bol- 
ion de Mapimi; the plains of Lago Acpia Verde, Baroteran Bar- 
real del J unco. Valle Hundido. Valle Laha^jo. Cavote and nu- 
merous others. 

It should be borne in mind that these plains cover numerous 
areas, and occupy most of the region, the mountains being far 
secondary to them in extent an<l areal importance. 

UKO(iRAI»III(^ KXTKNT OK TIIK BASIN RKOIO.N. 

The topography of the whole of the United States, and north- 
ern Mexico, south of the !>.'i° of latitude between the Sierras of 
California, and the Pecos- Lower Rio (Irande. may be defined as 
a series of vast plains or ancient base- levels studded at remote 
intervals by mountain blocks sometinu's isolated, sometimes in 
groups or cluiins. These mountains belong to the style defined 
by Bus.sell as eompose<l of stratified sedimentary beds which have 
been broken by profound fractures, and upheaved as great moun- 
tain blocks. Surrounding these mountain blocks (and com|K)sed 
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of their debris ) and extending like a smooth floor from one to 
the other are the plains or basins. 

There is also much igneous material, but this is a secondary 
feature, to be mentioned later, and most cases is in the beds of al- 
most recent lakes, above which the mountains but lately ( in geologic 
times ) projected as islands. This is the true basin structure so 
ably described in fractional portions of its extent in Utah and 
Nevada, by Gilbert, Dutton, Russell, Powell and McGee. In cen- 
tral New Mexico the true Rocky Mountain system ends abruptly 
against this region, just south of Santa Fe. All mountains north 
of that point are in the basin region. 

The western escaqjment of the Llano Estacado and the Pecos 
river and its continued course in the Rio Grande form approxi- 
mately the eastern border of the basin region in Texas and New 
Mexico, while its southern border extends southward through 
Comanche and eastern Chihuahua in Mexico to the state of 
Durango. 

The principal mountain blocks of this region are the following: 
In southeastern New Mexico, the Sierra Oscura. the San Andreas, 
the Juccarillo, Sierra Cabella, Sierra Florida, Sierra de la Hacheta 
and many unnamed blocks; in Trans-Pecos, Texas, the Orgim 
Franklin chain, the hueras, the Van Home, Carrisos and the Las 
Chisos, Davis mountains, the Chenatis: in northern part of Mexico, 
the Juarez mountains ( near city of Juarez ), Sierra del Carmen, 
SieiTa San Vincente, Sierra del Burro, lias Arboles, Las Cruces, 
Sierra Encantado, Sierra Carrizalyo, Sierra del Santa Rosa, Sierra 
de Guajes, Sierra Lampazos and many others ; the eastern contin- 
uation of the region into Mexico. 

Intimately and closely associated with these basins, is the west- 
ward embay ment of the Rio Grande from the coast. This em- 
bayment is marked by the southern escarpment of the Edwards 
•division of the Grand Prairie, on the north from San Antonio to 
Del Rio, and by the Santa Rosa and allied mountains in Coahuila, 
and is a great topographic depression, up which all the late Cre- 
taceous and Quaternary formations deflect. It is covered more 
or less to the coast by a detrital deposit of an age probably related 
to the entirely enclosed basins. The northern ( Texan ) boundary 
of this basin is a fault wall — the great Austin-New Braunfels 
fault of my previous .papers. 

The southern boundar}'. in Mexico, is composed of typical 
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basin mouutains occurring in isolated blocks, a type of which will 
now be described in the Santa Rosa mountains. 

These mountains lie south of the Rio Sabinas and west of the 
Mexican International railway, and rise about 3,000 feet above 
the plain. They are composed entirely of blue Cretaceous lime- 
stone of the Comanche series, here metamorphosed into the firm 
aspect of the Silurian limestones. 

The Sierra de Santa Rosa are among the first true mountains, 
/. e. mountains produced by dislocated or folded stratification, 
met in northern Mexico. They are the eastern flank of the out- 
liers of the great basin group or system which extends southwest- 
wai*d througli the Trans-Pecos region of New Mexico and Texas 
into northern Mexico, and are the beginning of the great mineral 
district of the latter region. These mountains rise in beautiful 
profile alK)ve the plain which surrounds them and extends north 
of them to the Rio (Jrande, and at a glance they mark the l)e- 
ginning of an entirely distinct geographic and geologic region, 
from the Atlantic coiistal region. 

Northeastwanl of these mountains towards Laredo' and Eagle 
Pass extends the plain or basin, which 1 have descril)ed as the 
Rio (irande embayment which, carved by erosion into valleys and 
small hills, is a unique geographic feature constituting the drain- 
age basins of the Rio Sabinas and Rio Grande and sometimes 
called the San Felipe Coal Rasin. 

/. Tin- .}fonnf (tilts. The Sierra Santa Rosa is an interesting 
piece of mountain architecture, consisting of an elongated mass 
or blo(»k of hard rock structure surrounded on even>' side by level 
plains. They extend northwest for fifty miles west of Raroteran. 
The mountain is about ten miles wideuinm an avenig(\ and the main 
axis or ridge is unbroken by passes. Geographically this moun- 
tain always presents three persistent and interesting longitudinal 
divisions, (a) The Sierra Gninde or main mountain constituting 
the main central axial mass or backbone of the range standing 
alMHit 1,500 feet al)ove the plain of the basin, (b) The Sierra 
(Mii(iuita or hog backs — ti row of sharp angular mountains, which 
lie parallel to and on the north side of the Sierra proj)er. There 
are some fift(»en of these separate<l fnmieach other by narn)w can- 
ons of en)si(m, and from the Sierra Grande by an irregular grand 
chasm. These Chiquitas are aljout 500 feet alK)ve the plain, and 
are the most importiuit of the geographic divisions, economically, 
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in that the}* and their foot hills (the lomitos) contain the valuable 
mineral deposits, (c) Los Lomitos. Northward and parallel to 
the Chiquitas — just as the Chiquitas are parallel to the Sierra, 
and in the same manner as they subtend the Sierra, is a row of 
low, rounded, grass-clad hills known as Los Lomitos (the little 
hills). These are very small, usually not oyer 100 feet hiijh, but 
are an important feature of the district. 

2. The Pffiin. Looking from the mountains north and east- 
ward can be seen an extensiye stretch of 8ul)-leyel country — the 
basin of the Rio Grande and Sabinas — the great coal field of 
northern Mexico. There are several features of this plain which 
deserve brief mention however; (a) the valley of the Rio Sabinas, 
which is from 12 to 15 miles north of the mountains, a beautiful 
stream of great volume, which has worn its way down through 
the strata to a distance of about 1,000 feet below the base of th(» 
mountain, thereby exposing the geological structure of the plain. 
Remnantal of this great erosion of the Sabinas are several import- 
ant topographic features; (b) the volcanic mesas, which when 
viewed from the west, resemble an elongated platform or bench 
pn>jecting northward from the base of the Chicpiitas. Its top is 
perfectly level, but the precipice which surrounds it is about 100 
ft»et high, (c) Near the northern end of this table land are sev- 
eral disconnected flat-top circular hills (buttes) which are rem- 
nant of the former extent of the mesa. 

(d) T/k Lninas. At several places in the valley are low hills 
of yellow sands and clays, the remnants of the valley of the Sabi- 
na.s, which luus cut down into the coal measures constituting the 
foundation of the plain, \x\)0\\ which the conglomerate and lava 
have been deposited. To the northwest and across the river these 
lomas (hills) have considerable extent and form a low range of 
elevation alx)ut 300 feet alK)ve the river. 

(e) The (\}nglomeratt' Tt inicc. Near the base of the mount- 
ain, and extending into the valley from one to four miles is a 
level bench composed of fragments of mountain rock. Wher- 
ever this bench or terrace is eroded, beneath it are found the soils 
used by the agriculturists, irrigated by the streams from the 
mountains. No doubt this formation once covered most of 
the plain. 

III. GEOLOGIC STRirCTl'RE OF THE REGION. 
(a) The main mfisM of moKnfm'n nr Sir mi Gnnttlc is composed 
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of inuHHive blue-gray ami blue-black 
stratified limestone of great hard- 
ness and durability, tilte<] at slight 
angles in various <lirections, and 
void of unj- niarkeil folils. No 
granitic or volcanic rock is any- 
where eX])OHe<l ill ihesf-, and the 
n>cks which underlie this limestone 
Beries art! cont'ealed. At least 
4.IHMt feet in thiekness of these 
n»ekM are expoNed. and from the 
\ oceiirrence of chunictcristio fossils, 
they are seen to Ix'long to the great 
HVstem of rocks in Mexico and 
Texas, known as the Comanche 
series, and are of Li)wer Cretaceous 
and i>nilialih> .lurassic age, i. «■.. 
older iiiid Ix'low the Meek and 
llayden section of the North Amer- 
retaceouB. This is the same 
■ system of limestone which com- 
r poses many of the inonntains of the 
i. Trans-Pecos region of Texas, and 
the silver-pnxliieing mountains of 
Mexico and New Mexico, and 
which occurs in Texas as less un- 
dnrutetl chalky strata. These rocks 
elevated into their present |»o- 
i at the close of the T'pper 
Cretawous period, and have «n- 
det^one much <leniidation ami 
■nisioii by siilise()iu'iit events. 

(/,) T/ir Si-n-.i <'/.>%juit-f or hog 
■'ii-kn. This system of small monn- 
I'i tains, skirling the north flank of 
'll the main mountain mass, am) in 
"tl^ which the mines arc loeattn) area 
I a": part of and cimiiioseii of the same 
^ i~ rock lis the Sieriii (iraixle or main 
" mountain mass, bnl ditTer from 
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them only in arrangement and greater tilting 
of the strata. They represent the bent and down- 
thrown portion of what is technically known as a 
faultei! monoclinal fold as shown in tlie accom- 
panying figure. This sepanited them from the 
main monntain mass. 

The strata of the Sierra Chiqnita or Ilog Backs 
stand almost vertically, dipping 80° north and 
striking 20° sonth of east. By erosion the Sierra 
Chiqnita which once constituted a continuous 
ridge, have l)een separated by canons and given 
their present serrated and isolated individual- 
itv, as shown in the sketch of the mountain 



range. 



Accompanying the great fault which separated 
the Chi(piitas from the Sierra Grande, numerous 
fissurt»s, joints and all the fractures were made 
in these smaller mountains at right angles to the 
strike of their stratification and the main fault, 
and into these at a subse<iuent period has been in- 
filtrateil the mineral and accompanying vein mat- 
ter. By this sub- vertical tilting of the strata of 
the Sien*a Chiqnita, upward of 5,000 feet of the 
limestone formation are visible in the canons, 
which cross them at right angle to the stratifica- 
tion and in the direction of the veins ( north and 
south apppn>ximately). 

(r) The Loinitos or Foot Hilh. This range of 
small hills which run parallel to the Chicpiitas, 
is a product of tlie same folding which produced 
the latter, but is of a later age and softer strata, 
lieing composed of a thin laminated calcareous 
shale, of the I'pper Cretaceous, which in places is 
Very mucli metamoq>liose<l, having the appearance 
of slate, and so calliMl by the miners. In other 
places they are almost chalkv. It is owinjr to 
this difference in hardness and structun* that 
thev have vielded more rea<lilv to the erosion 
and hence their diminutive size. At the contact 
plane of this formation of the Lomitos and 
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tliat of the harder rocks of the Chiquitas there are often im- 
portant mineral dejjosits. 

2. The formation of the plain. The formation of the vallev of 
the Sal)inas or plain which extends northward from the Santa 
Rosas is entirely different from that of the mountains, and is 
composed ( a ) of thin, laminattnl, crumbling, calcareous, arena- 
census clays, alternating with strata of thin sand and limestone 
accompanied by numerous coal l»eds, lignite l>e<is. silicifieil trees, 
fossil molluscs and cx^casional l>ones of animals. This is the 
great coal formation of the Sabinas and belongs geologically to 
the very latest ejxich of the I'pper Cretaceous, or Glauconitic 
Division, and should not be confounded with the lignite l)eds of 
the Tertiary period of the eastern United States, but is allieil to 
the coal Ik^Is of tlu» Hocky Mountain region as worked In New 
Mexico. Colorailo. Wyoming and UUdi. and which is one of the 
most valuable and important fuel-producing ternines in the world. 
This coal field is the only one developeil in Mexico, and at the 
mines at San Felipe some twenty miles distant, the coal is ob- 
tained for all the railway systems of Mexico, and largely ex- 
jK>rted into the United States. These rocks an' sub-horizontal a 
few miles from the mountains, but at their ccmtact with them 
they are uptilted, showing their participation in the uplift, and 
that the ajje of the mountains is Post Cretaceous. 

Before the erosion which ex|K)sed these foundation measures in 
the plain, they were covered by two later and ditferent formations, 
which will next be explained. The whole Rio Grande embay- 
ment is underlaid by this coal formation which is more fully dis- 
cussed later. 

(A) T/ir Vail* 1/ Cnnylonanitt' or Tf rntvrs. Forming a terrace 
or bench of the plain for several miles away from the mountains 
and extending up the canons to a certain level, there is a great 
sheet of conglomerate lying horizontally and comj)osed of large 
n>unded pebbles of the mountain limestone, cemented by a cal- 
careous matrix. This conglomerate, as expo.sed by the cutting of 
the arroyos (dry creeks) and canons, is over 100 feet in thick- 
ness and is the shore deix)sit of the great sheet of water, which 
in late Quaternary times extended over millions of square mi lea of 
western North America, and which is one of the numt n»markable 
features of the continent. 

These ternices of the Santa Rosa have their counterpart on the 
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northern side of the Rio Grande embayment in the great gravel 
<lebris and estuarine deposits of that region. 

In some of the mines near the contact of this conglomerate 
and the Chiquitas it forms an imix>itant element in excavating 
and drifting. 

(c) The Basalt ic or vulcanic mesas. Next to the mountains 
proper the most conspicuous feature of the region is an elongated 
tableland or mesa and a few disconnected buttes, which extend 
northward from the base of the range north of the Chiquitas 
out into the plain. The summit or table of these is 
composed of hard l)lack volcanic material, the remnants 
of a great lava flow which once covered much of the plain, 
l)ut most of which has since been destroved by erosion. 
This Iftva sheet is not over 100 feet in thickness, and 
extendeil up to and against the Chi(iuitas covering the coal fields 
u neon formal )ly, and having been a most important factor in pro- 
ducing the mineralogical conditions of the area. By its weight 
and heat the lignites of the Sabinas coal fields were converted 
into the superb coals, and the met^illic fillings of the veins and 
fissures are apparently connected with it. Far out into the plain 
towards San Felipe, remnants of this lava flow can be seen, 
altliough the source from which it came is unknown, for there are 
neither craters, fi.ssures, dikes, intrusions or other vents visible in 
the Santa Rosas ( although they have been erront^ously re|)orted ) 
and the nearest known to the writer are in I'valde and adjacent 
counties of Texas 150 miles distant. Whatever may have 
been the source of this lava there can be little doubt, from the 
occurrence of the valuable minerals only in those Chicpiitas 
in its vicinity, that the origin of the minerals is closely con- 
nected with its phenomena in comparatively recent geological 
time. 

The Santa Rosas are surrounded on all sides b}- this plain, and 
completely disconnected from the other mountain blocks seen to 
the northwest and east which are all of the same general type of 
fitrueture, i.e., isolated mountain blocks surrounde<! l)y plains. 
Many of the other ranges have porphyritic and ba.saltic extrusions. 
l>ut the Santa Rosa proper is merely a remnantal block of the 
Cretaceous rock sheets, broken and faulted. It is the simplest of 
-all the mountain blocks of the B:isin region, and hence. I have se- 
lected it for description. 
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ADDITIONAL NOTES ON THE DEVONIAN ROCKS 
OF BUCHANAN COUNTY, IOWA. 

By S. Calvis, Iowa City. 

The present paper is intended as a preliminary notice of some 
obsen'ations recently made on the Devonian rocks of Buchanan 
county, Iowa. In the final paper on the subject references to the 
literature on the Devonian of this part of Iowa, and due credit 
to those who have previously worked in this field, will be given. 

In a paper published in the Bullet in of the United States Gfo- 
logicul find Geogrnphical Surcey of the Territories. Vol. IV, 
Nanihcr S, Jnhj J9, 1878, pp. 725-780, I referred, under the 
name of The Independence shales, to a member of the Devonian 
series that at that time was supposed to lie at the base of the 
system in Buchanan county. liater observations render it cer- 
tain that the Independence shales do not constitute the lowest 
member of the series, but that they were preceded by brecciated 
limestone of Devonian a^e. The thickness of this brecciated 
limestone so far as it is developed in Buchanan count}', has not 
])een ascertaineil. It is. however, well exposed in the bed of the 
Wapsipinnicon river at Independence. At Troy Mills, in Linn 
countv, about a mile from the southern lioundarv of Buchanan, 
it is again exposed. It may be seen at a number of intermediate 
|K)ints. A very perfect limestone breccia, having an estimated 
thickness of al)out thirty feet, and belonging probably to the 
same horizon as the brecciated limestones of Buchanan countv, 
is exposcKl in a deep railway cut at Fayette, Iowa. 

So far then as Buchanan county is concerned the exposed strata 
are : 

1. linrcidttAi UnuHtone. No fossils have as yet been seen in these beds 
at Independence, but at Troy Mills in Linn county, they contain many 
brachiopods that are characteristic of the lower part of the Iowa 
Devonian. 

2. The Imltprmhure. nhales^ composed largely of bluish shales with 
some layers that are black and highly carbonaceous, and containing occa- 
sional pyritized plant stems and fragments of coal. The peculiar fauna 
of these shales and its interesting relation to the fauna of the Rockford 
shales along Lime (;reek in Floyd and Cerro Gordo counties has been 
discussed in the article above cited. 

3. iiyroreniH hnin. These are beds <»f rather hard, compact limestone a 
few feet in thickness and containing numerous specimens of a larfi:e 
(ri/roreruM with which are associated robust forms of (rj/pidula oeriden- 
talis Hall, or Pentaim run ooni)^ (Jwen, of Walcott and some other authors. 
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It may be interesting to state that this same Gyroceras and similar robust 
forms of Gypidula occur in the brecciated limestone at Troy Mills. 
About a mile east of Independence the Gyroceras beds may be seen rest- 
ing on the Independence shales. In the old Kilduff quarry, northeast of 
the city, where the shales were explored for coal, the Gyroceras beds 
were penetrated, and the "petrified snakes" attracted much attention. 

4. Spirifera pennata beds. At Independence these beds are about twen- 
ty-five feet in thickness and consist of light-colored, soft, argillaceous 
limestones. Spirifera pennata Owen, is the characteristic fossil, but 
associated w^ith it are S, himesialis Hall, Atrypa reticularis Linn, A. aspera 
var. occidentalis Hall var., Cyrtiria hamiltonensis Hall, Productella alata 
Hall, Gypidula occidentalis Hall, Orthis ioicemis Hall, Orthis ma^farlnnei 
Meek, Stnyphodonta demissa Conrad, a large undescribed Chonetes and a 
few other forms. The fossils are almost exclusively brachiopods. The 
Atrypa reticularis is a very finely ribbed variety with a tendency to be- 
come alate at the cardino-lateral angles, and having a form that is de- 
cidedly lenticular, particularly in the young and half grown individuals. 
The Cyrtina hamiltonensis is identical in size and shape with the form 
found in the Hamilton strata of New York and western Ontario. The 
Strophodonta demissa is a small, short-hinged, arcuate form, with broad 
flattened ribs. The Spirifera pennata beds are seen in the banks of the 
stream at Otterville, a few miles north of Independence. They are also 
seen on the west side of the river near Quasqueton, ten miles to the 
southeast; at a number of exposures near Troy Mills, eight miles farther 
to the southeast and at intermediate points. Some of the layers in- 
cluded under number 4, are destitute of fossils, but the species enumer- 
ated Xvill be found both above and below the barren layers. 

5. Acercularia profunda beds. At Independence the Spirifera pennata 
beds grade upwards into beds of harder limestone in which brachiopods 
are scarce and corals of a variety of species predominate. Cystiphyllum 
ainericanum Ed. and H. is at first the most abundant. With it, however, 
occurs very sparingly Heliophyllum halli Ed. and H. There is also a 
Cyathophyllum or two, and eventually large numbers of Acercularia 
profunda Hall. Within the limits of the city of Independence the up- 
permost layers usually reach only into the zone of Cystiphyllums, but 
occasionally the upper beds include Acercularia prof unda. From a mile 
to a mile and a half east of the city this last species is quite abundant. 
At a quarry near Jesup, about nine miles west of Independence the A. 
profunda beds are well developed, but it is at Littleton, about ten miles 
northwest from Independence, that they are seen in greatest perfection. 
About a mile south of Littleton a " dry run," that becomes quite a tor- 
rent in rainy weather and at other times is a mere dry channel, has cut 
into the A. profunda beds. The matrix here is much softer than at 
Independence and the corals are beautifully weathered out. Along with 
A. profunda occur excellent specimens of CyHtiphyllum^ Cyat/wphyllum, 
Zaphrentisy Favorites, Cladopora, Cwnites^ Stromatopora and other genera. 
At Independence the corals separate from the matrix with extreme difli- 
culty and satisfactory specimens are rarely obtained. In the banks of 
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the river, just below the mill at Littleton, the Acervularia prof unda beds 
rise only a few feet above the level of the water. Farther down the 
stream they are better exposed. 

6'. Art'rrnliria (hiri(lHinii heih. These beds lie upon the A. profunda 
beds. The transition from one species of AcervuUria to the other \% 
very abrupt. There are layers crowded with A. prof unda Hall, in the 
lower part of the bank of the river, and two or three feet higher the 
rock ia simply a compacted mass of ^1. (VtridHoni Ed. and H. The two 
species never occupy the same layer, and furthermore the two are here 
as distinct as any two species of the same genus could be by any reason- 
able possibilit}'. In mode of growth, size and depth and essential char- 
acteristics of the calyces of the individual corallites, development of 
the septa, and indeed in all particulars that make up specific distinctions, 
A, pi'ofnmhi Hall, and A. dncuhoni Ed. and H., are at least at Littleton, 
Iowa, specifically far apart. This much is said for the reason that so 
eminent an authority as Rominger regards .1. profninhi as merely a 
variety of the species .1. daridHoni. 

In layers associated with the A. davidsoni beds, though not in the 
same layers with the corals, are found si)ecimens of Spirifrra jynrryahtt 
Hall. As I have elsewhere observed* the beds that furnish N. parrymui 
always lie above those in which S. peiumtn occurs. This relation is well 
illustrated in the rocks of Buchanan county. Along with A. davidsoni 
occur a number of species of FnroMifm and one species of ChonophyUuut. 
The same /'^*/roKi?7<,« and ChoHopUyllfiut are associated with A. dnridnoni 
and S. purryniHi at Iowa City, in Johnson county, Iowa. The A. david- 
soni beds at Littleton furnish some beautiful examples of PeHtamerdfn 
d'thiii Hall, a species that occurs at the same horizon near Iowa City. 
Neither Afryjm (iHptrn nor any form of spiniferous Atrypa, is known 
from beds, number (J, either in Buchanan county or elsewhere in Iowa. 
These beds with their A. d(iridHoiu\ FarotufcM, Spiriffni purrynmi^ and 
other distinguishing characteristics are well developed along Lime 
creek, near Brandon, in the southeast (corner of Buchanan county. 

7. Vtlhnr nluih Judn. At a considerable distance above the A. david- 
soni beds, with probably some characteristic beds between, occurs a bed 
of yellow colored shales. These shales are exposed well up in the river 
bank below the mill at Littleton. The fauna is peculiar in this respect, 
that nearly all the forms are strangely modified. Atrypa rctimhirtn Linn, 
is very coarsely ribbed, with the ventral valve fiat or concave and the 
dorsal valve excessively gibbous, contrasting strongly with the form from 
the Spirifera pennata beds. Strophodonto deiniKHti Con., is large, the 
hinge line often exceeding two inches, and the width of the shell fre- 
<iuently more than twice the length. Cyrtiua hamiltonennin Hall, is a 
diminutive affair having, on an average, less than one-fourth the normal 
dimensions. A Splrifer which may be a modified S. parryona^ but de- 
serving to rank as a distinct species, has the hinge area much narrower 

*\otf* on th^ Sytiohymy^ rharacf^rM ami D'nttrihutiou of Spirl/^'ra parryana Hall. 
linlltthi from fhf L'thoraforifn of Xuturo! llixtory of thr Stntt> 'Cnirfrnify qf Iowa. 
Vol. I. Xo. 1, p. 25 et K'«i. 
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than in S. ptirryaiuiy and the mesial fold divided by a deep groove. These 
beds also furnish a Terebratula that may be representative of T, iowemis 
Calvin, foun^ in association with *S'. parryarut near Fayette, Iowa. An 
Orthis related to 0. ioicetuis Hall, a small, undetermined Rhynchonella 
and numerous stems of Striatopora, complete so far as observed the 
fauna of beds, number 7. 

In addition to the seven beds here recognized the Devonian of 
Buchanan county embraces beds containing Rensselaria johanni 
Hall and Whitfield, but the relation of the Rensselaria beds to 
the beds above described has not been definitely ascertained. 
Rocks with Rensselaria are in place at Fairbanks above Littleton, 
and some detached fragments containing this genus were found 
at Littleton and at Jesup. 

The fossils found in numbers 5, 6, and 7 resemble very closely 
the assemblage of species cited by Messrs. Hall and Whitfield in 
the twenty-third report on the state cabinet of New York, p. 224, 
as occurring at Waterloo, Iowa. The Spirifer from the shale beds, 
number 7, sometimes resembles very closely S. oiceni and again 
it is not unlike certain forms of >S'. manni. In the paper cited, 
p. 225, Hall and Whitfield infer that the Waterloo beds are more 
nearly related to the Upper Helderberg limestones of New York, 
while the Independence beds that contain Spirifera i^ennafa may 
in their judgment be the representative of the New York Hamil- 
ton. The observations set forth in this paper clearly demonstrate 
that the coral bearing beds at Waterloo are younger than the 
Spirifera pennata beds at Independence. 
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Jounui/M on the Tnfand Ire. Compiled by George C. Hirlbit, 
Librarian of the Society. Ibid,, pp. 171-193. 

The Party and the. Outfit for the (rreerthind Journey. By R. E. Peary. 
Ibid., pp. 256-265. 

Many (luestions concerning the ghicial drift and the Pleistocene 
ice-sheets of North America and Europe have recently received 
much illumination, with promise of more in the near future, from 
contributions to our knowledge of the ice covering the interior of 
(ireenland. Wherever that country has been explored, the edge 
of an ice-sheet is reached within distances varying from a few 
miles to fifty or rarelv a hundred miles back from the coast; and 
the icebergs of the North Atlantic are supplied by the glaciers 
which descend from this inland ice to the heads of the long and 
narrow, deep fjords, and in part by tracts of the broad ice-sheet 
itself where it extends quite to the outer coast lineandterminatt»s 
in the open sea. Peary estimates the area of (Greenland to Ih» 
al>out 750, (KM> square miles, of which he believes that four-fifths 
or about GO(>,(MM) s(iuare miles are thus ice-enveloped. The Ant- 
arctic ice-sheet, however, surrounding the south i)ole, is nearly 
ten times larger than this: and in the Pleistocene period l)oth the 
North American and European ice-sheets occupied areas more exten- 
sive than the inland ice of Greenland, though less than the 
southern polar ice-cap. 

Comparing the existing with the ancient ice-sheets, the low 
lM>rders of the Antarctic lands, covered with a vast expanse of 
ice which stretclu^s far into the sea and is broken otf in tabular 
or broad and fiat bergs, may be supi)osed to represent nearly the 
Pleistocene ice-fmnt as it was pushed into the Atlantic on one 
side from southern Norwav. from the basin of the North sea, 
from Scotland, the Hebrides, and Ireland, and. on the other side, 
from Newfoundland, Nova Scotia, and the eastern shore of New 
England. Hut the mountainous bonlers of Greenland, discharg- 
ing icelKTgs of every irregular shape from its fjords and from 
lK)rtions of the ice-sheet that here and there reach to the ocean, 
seem to fall shoil of the grandeur of all the seaward limits of the 
old ice-sheets, though most nearly resembling their development 
on the rugged shores of northern Norway, of northern Labrador, 
and of British Columbia, where the ice fiowed through gaps of 
the mountains forming these coasts and their islands and termi- 
nated l>eyond the present seaboard. 
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Professor Wrights chapter, *'The Glaciers of Greenland, ' 
well reviews the early explorations, previous to Peary, including 
the journeys and writings of Nordenski<^ld, Jensen, Helland. 
Rink, Kane, Ha3'es, Wh3'raper, and others. The most important 
of these journeys were by NordenskiiUd, in 1870 and again in 
1888, the former being reported in the Geological Magazine, vol. 
ix, 1872, and the latter in Science, vol. ii, Dec. 7, 1888. Dis- 
tances, however, were much overestimated in these reports, and 
appear to be more reliably given by Nansen in his chapter de- 
scribing the explorations of the inland ice previous to his own 
memoral)le crossing of Greenland. 

NordenskicUd's journey in July. 1870, to the east from the 
head of Aulatsivik fjord, near lat. 08° 20', is estimated to have 
extended about 35 miles upon the ice-sheet, and the altitude 
reach€»d was 2.200 feet. Large streams on the ice-surface were 
encountered, ''which could not be crossed without a bridge." 
Beyond the point of turning back, ''the inland ice continued 
constantlv to rise towards the interior, so that the horizon towards 
the east, north, and south, was terminated by an ice-border 
almost as smooth as that of the ocean." A fine, gray powder, 
called " cryoconite, " which was believed by XordenskiJ'jld to be 
cosmic dust, was found on the ice; but analvses indicate that 
this is dust blown from the mountains of the coast, and it 
does not occur in noticeable amount, according to Nansen, on the 
eastern portion of the ice-sheet where his ascent was made upon 
ice bordered by onl}' little ])are land. 

From nearly the same starting point, NordenskitUd in July, 
1883, went onto the ice-sheet about 73 miles, to a height of about 
4,950 feet; and two Lapps, travelling with the peculiar snowshoes 
called ''ski," advanced a probable distance of 45 or 50 miles 
. farther, where the barometers indicated a height of 6,380 feet. 
Land in the interior, free of ice and bearing vegetation, which 
NordenskiOld hoped to reach, was not found ; and no nunatak, or 
projecting top of hill or mountain, a])ove the ice-surface has been 
yet discovered more than forty or fifty miles inside the ice-cov- 
ered area. 

Rol)ert E. l^eary, in June and July, 188G, accompanied by 
Christian Maigaard, made the next important exploration of the 
inland ice, going east from the head of Pakitsok fjord on the 
northeast part of Disco bay, in lat. 00° 30'. These explorers 
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lulvaneed to a distance of about 100 miles from the edge of the 
ice, attaining an altitude of almut 7,500 feet. Describing the 
first ten miles of the ice, Fearv writes: — *' In detail, the surface 
was, as a rule, roughly granular in texture, affording firm, sure 
fcH^ting, interrupted here and there by crevasses, some open and 
some covered with a snow arch by patches of soft, deep snow 
in tlie depressions between the hummocks, and by patches of 
hard ice cut by nearly parallel furrows, as if made by a huge 
plough." The camp at the end of their advance was in a shallow 
bjisin of the neve of snow which covers all the inner portion of 
the ice-sheet, there having, to use Peary's words, •- the consist- 
ency of fine granulated sugar as far down as I could force my 
alpenstock (some six feet).*' 

The margin and the interior of the ice-sheet are characterized 
by Pe^iry as follows: 

Wherever the ice projects down a valley in a long tongue or stream, 
the edges contract and shrink away from the warmer rocks on each side, 
leaving a deep canon between, usually occupied by a glacier stream. 
* * * * Higher up, along the unbroken portions of the dam [*. e. 
enclosing mountains] where the rocks have a southern exposure or rise 
much above the ice, there is apt to be a deep canon between the ice and 
the rocks; the ice-face sometimes 60 feet high, pure, pale-green, and 
flinty. In another place the ice-face may be so striated and discolored 
as to be a precise counterpart of the rock opposite, looking as if torn 
from it by some convulsion. The bottom of the canon is almost invari- 
ably occupied by water. * * * * still farther up, at the very crest 
of the dam, the ice lies smoothly against the rocks. 

As to the features of the interior beyond the coast-line, the surface of 
the " ice-blink " near the margin is a succession of rounded hummocks, 
steepest and highest on their landward sides, which are sometimes pre- 
cipitous. Farther In, these hummocks merge into long flat swells^ 
which In turn decrease In height towards the interior, until at last a flat, 
gently rising plain Is reached, which doubtless becomes ultimately 
level. 

In concluding the narrative of this journey, after describing 
the needful cmtfit, Peary remarked: — *-To a small party thus 
eijuipiKHl, and possessed of the right mettle, the deep, dr}*, un- 
changing snow of the interior * * * is an imperial highway, 
over which a direct course can 1h» taken to the east coast." It is 
also suggt*«ttid that the unexplored northern shore lines of Green- 
land may 1k» most readily mapped by expeditions across the high 
inland ice. 
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• 
Two years later, in August aud September, 1888, Dr. Fridtjof 

Nansen, with five companions, crossed this ice-sheet from east to 
west between lat. 64° 10' and 64° 45'. The width of the ice 
there is about 275 miles, extending into the ocean on the east, 
but terminating on the west about 14 miles from the head of 
Ameralik fjord and 70 miles from the outer coast line. For the 
first 15 miles in the ascent from the east, rising to the altitude of 
1,000 meters, or 3,280 feet, the average gradient was nearly 
220 feet per mile. In the next 35 miles an altitude of 2,000 
meters, or 6, 560 feet, was reached ; and the average gradient in 
this distance, between 15 and 50 miles from the margin of the 
ice, was thus about 94 feet per mile, or a slope very slightly 
exceeding one degree. The highest part of the ice-sheet, about 
112 miles from the point of starting, was found to have an alti- 
tude of 2,718 meters, or about 8,920 feet. Its ascending slope, 
therefore, in the distance from 50 to 112 miles was al)out 38 feet 
per mile. Thence descending westward, the gradients are less 
steep, averaging about 25 feet per mile for nearly 100 miles to 
the altitude of 2,000 meters, al)out 63 feet per mile for the next 
52 miles of distance and 1,000 meters of descent, and alx)ut 125 
feet per mile for the lower western Iwrder of the ice. 

The narrative of this expedition is most admiral}ly told by Dr. 
Nansen in two well illustrated volumes, entitled ''The First 
Crossing of Greenland. " The scientific results attained are pre- 
sented in an appendix of the second volume, from which the fol. 
lowing extracts are quoted: 

As to the superficial aspect of the inland ice, I may say, in the first 
place, that of crevasses we found a surprisingly small number in the 
course of our journey. On the east side they occurred only in the first 
seven or eight miles; on the west side we came across the first fissure at 
some twenty-five miles from the margin of the ice. In the interior 
there was no trace of them. 

Of surface rivers we found practically none. Some may be inclined 
to think that this was due to the lateness of the season, though this 
objection has little force, seeing that the middle of August, when we were 
on the east side, is not late in the season as far as regards the melting of 
the snow, and furthermore, that even if the rivers had disappeared 
themselves on the west coast, we should have seen traces of their chan- 
nels. None such did we see in the interior at all, and the first we 
observed were not more than fifteen or twenty miles distant from the 
western edge. It is possible, also, that there were minor brooks on the 
surface in the first ten miles from the eastern side. Except for these 
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• 
small water-courses near the two coasts, I may say positively that there 
are no rivers at any time of the year on that part of the inland ice over 
which we passed. 

* * * At no great distance from the east coast the surface of dry 
snow begins, on which the sun has no other effect than to form a thin 
crust of ice. The whole of the surface of the interior is precisely the 
same. * * 

Of moraine d<^l)ris or erratic blocks we met with none upon the ice 
with the exception of the last little slope when we left it for good on 
the western side, or no more than a hundred yards from the extreme 
edge. * * *' 

* * * Some of the temperatures which we experienced were far 
lower than the established meteorological laws could have led us to 
expect. * * * * The temperature on certain nights, September 12 
and 14, probably fell, according to the calculations of Professor Mohn, 
to — 45** Cent. (—49** Fahr.), while the mean temperature of certain days, 
September 11-16, when we were about in the middle of the countrj', or 
a little to the west of the highest ridge, varied from — W^ Cent to — 84** 
Cent. (--22*> to— 29** Fahr.). This is at least 20^ Cent. ( 36^ Fahr.) lower 
than anyone would have been justified in expecting, if he had baaed his 
calculations on accepted laws, taking for his data elevation above and 
distance from the sea, as well as the mean temperature of the neighbor- 
ing coasts. 

* * * In the forty days which we spent on the ice there were six- 
teen of either bnow or rain. On four days only did we have rain, when 
we were weather-bound in the tent near the east coast, and on one day 
near the west coast we had hail; on the rest it was always snow, which 
in the interior took the form of fine * frost snow,* or needles of ice. This 
fell almost daily out of a half-transparent mist, through which we could 
often see the sun, together with halos and mock-suns. 

Though the ice-sheet of Greenland has formerly UH?n uiort* 
extended and deeper tlmn now, as is shown by glaeiation of the 
rock surface higli up on tlie sides of the fjords, it has prolmbly 
during several centuries l)een on tlie increase. Tliere can l>e little 
doubt that the climate at present is pri'vailingly colder tlian dur- 
ing the prosperous period of the Norse colonies between JMM) and 
500 years ago. By its increasing accumulation, therefon*, we 
may account for the contrast In'tween the (ireenland ice, which 
has so little englacial and superglacial drift, even near itn* edge, 
and the i)artially drift-buried Malaspina glacier at the foot of the 
Mt. St. Klias range ( A.M. (Ikolo(jist. vol. vii. pp. :i:{, 141): for 
there, accordinii to Russell, the ice has probably lMH»n on the 
wane during the past 500 or 1.000 years and at present is some- 
what rapidly receding. 

Neither Peary nor Nansen is willing: to rest on laurels already 
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won. On June 6th of this year, with five young men anil his 
wife to share the perils of this expedition, Peary sailed from New- 
York for Whale sound, western Greenland. After advancing to 
the Huml)oldt glacier and establishing a depot of supplies there, 
his plan is to return and spend the winter at Whale sound, in the 
vicinity of friendly Eskimos. In the summer of 1892, he will 
S4et out with sledges and dogs toward the northeast upon the 
inland ice. Portions of the supplies will be left on the route 
northward at Petermann fjord and the Sherard OslKirn and Meigs 
fjords, and thence the party will push forward, as is hoped, to 
the extreme northern point of Greenland, an estimated total dis- 
tance of about 600 miles from the Humboldt glacier. Peary 
<^xpects to accomplish this journey and the return within ten 
weeks, travelling fifteen to twenty miles per day; and he hopes 
to reach Whale sound again in season for passage home on some 
whaler before winter. 

Nansen's plan for an Arctic voyage of perhaps five years, 
94tarting early in 1892, is explained by himself in The Forum 
< August, 1891, pp. 693-709, with map, — followed by an unhesi- 
t:atingly adverse criticism, by Gen. A. W. (ireely. pp. 710-716). 
M'ith a crew of ten or twelve, Nansen pro|>oses to sail through 
Bering strait and thence northwestward nearly in the course of 
the ill-fated ' • Jeannette, " until the marine current is reached by 

• 

which drift-wood from Siberian rivers is lK)rne awav to l>e stranded 
in Greenland, and by which also an ice-floe, with relics of the 
-Jeannette expedition upon it, was carried in three years by some 
passage across the polar ocean to the southwest coast of Green- 
land near Julianshaab. Taking this current, with the ship frozen 
in the floe-ice during winter, Nansen hopes to drift by the near 
neighlK)rhood of the iK>le and southward along the east coast of 
<jrreenland: for the floe mentioned, ))earing articles from the 
Jeannette. is l)elieyed to have passtnl around Cape Farewell. If 
the ship should l)e lost, the party will encamp on the floe-ice with 
their provisions and lH>ats, and will expect thus to reach per- 
chance some inhabiteil portion of the (Jreenhind coast. 

Both these expeditions are to be led by young men. whose 
enthusiasm is heightened by their previous success in similar 
tasks: and the experience thus accjuired will all be needed for 
these enterprises of so much greater ditticulty and danger. In 
wishing to them each •• Bon voyage! ' we cannot do otherwise 
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than admire their splendid courage and devotion to science; but 
at tlie same time we cannot fail to remember the proverb, 
*' There's many a slip 'tw\xt the cup and the lip,' for no other 
conditions could more suggest it than the slippery, crevassed ice- 
sheet, and pinching, crushing ice-floes of great thickness and 
piled together, driven capriciously by winds and sea currents. 



AN EPISODE IN THE PALiCOZOIC HISTORY OP 

PENNSYLVANIA. 

E. W. Claypolk, Akron. O. 

In an article printed in The Geologist for the month of April, 
1890, the writer sketched the palaeozoic history of Pennsylvania. 
The sketch was the merest outline. Superficial it could not but 
be, for our knowledge of the subject at present warrants no more 
ambitious attempt. All details were omitted, indeed few are 
known. Whole chapters of geological history will one day be 
written on these as they gradually come to light, but at present a 
dense darkness hangs over the field allowing but a dim view of the 
most prominent features of the landscape. 

One of these details, forming a single episode in the palaeozoic 
history of the Keystone State, will be the burden of this paper — 
an episode that may help us to idealize the immense length of 
palaeozoic time and the complexity of palaeozoic history. 

Among the Devonian strata that are conspicuous for their ex- 
tent, thickness and fossil treasures, is the Hamilton group, so 
nameil by Prof. Hall. This group, as known in western New 
York, is for the most part a mass of shales enclosing a thin bed Of 
limestone — the Kncrinal limestone — and capped by another thin 
bed — the Tully limestone. It is thus arranged : 

4. Tully limestone. 

8. Moscow shales. 

2. Encrinal limestone. 

1. Blue shale. 

This is the original and typical section of the Hamilton group. 
But from this it varies even within the limits of the state of New 
York. Eastwardly it contains a thin bed of sandstone from whicb 
the excellent flagging (luarried on the Hudson near Kingston, etc., 
is taken, and still farther east in Maine and New Brunswick the 
shale gives place almost entirely to sandstone. 



Palceozolc History of Jhuiftt/frania, — CIdypole, 153 

A similar departure from the t^'pc occurs in middle Pennsyl- 
vania. There, in Perry county for example, the Hamilton com- 
prises a lower shale followed by a massive sandstone on which lies 
an upper shale closely resembling the lower in texture, material 
and general appeamnce. No limestone is present. 
The sectionnherefore in detail is as follows : 

Hamilton upper shale 250 feot 

*' sandstone 800 '* 

** lower shale 4r)() " 

1,500 '• 
The intercalation of this enormous mass of hard sandstone in 

the Hamilton group gives it a strange aspect to one only accus- 
tomed to see it as it appears in New York. As may be inferred it 
changes the character of the sui-face where it crops out from a 
gentle rolling rounded contour to one, rough, wild and wooded 
and generally incapable of cultivation. 

This sandstone prevails over several counties but reaches its 
maximum thickness in Perry Co. , where it is thus described in the 
writer's report (F., of the Geological Survey of Pennsylvania). 

**The Hamilton sandstone is one of the most remarkable formations 
of Perry county. Lying in the midst of a vast mass of shale it has the 
appearance of being out of place to the geologist accustomed to look on 
the Hamilton as essentially a soft group. 

*'It forms numerous mountains in tlie county, Turkey ridge, Buffalo 
ridge, Mahanoy ridge, Dick's hill with its continuation. Rock liill, also 
Pisgah hill and Little mountain are all formed by outcrops of this sand- 
stone. Some of these are high, rough and untillable ; otiiers are com- 
paratively smooth and accessible. This difference is due to two causes 
— the hardness and the dip of the sandstone. The proportion of sand 
also rapidly diminishes to the north and west especially in the middle 
of the bed, diminishing the steepness and roughness of the ridges. 

•'At its southeastern exposure near Marysville this sandstone attains its 
greatest thickness and hardness — a thickness amounting to 800 feet. 
From this point it gradually thins away, the upper and lower beds per- 
sisting farthest and the intermediate shale becoming constantly thicker 
until at length It becomes two distinct sandstones with an intervening 
bed of softer material. This change may be detected in Perry county. 
At Montebello Narrows the Little Juniata has cut its way through the 
Jower beds and has then flowed for nearly half a mile parallel to th«* 
ridge and between the two sandston(>s, at length crossing the upper and 
thus producing a zigzag channel. But outside the limits of tlie county 
the change becomes more manifest. At and near Huntingdon the two 
sand layers may be distinctly traced only a few yards thick, tlie upper 
being the heavier. The great mass of the bed lias become slialy. This 
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is only GO miles from its point of greatest development on the Susque- 
hana. 

'*The Hamilton sandstone is therefore a mass of coarse sllic<K)us mate- 
rial intercalated near the middle of the group and spreading fanwise as 
from a center near Marysville, dying away and at length disappearing 
as it receded from the point." (p. 57.) 

This will give a general description of the structure and mass of 
the Hamilton sandstone. The following is from Prof. I. C. White's 
re^x^rt of Huntingdon county, and shows how the stratum occurs 
there. T^ p. 105. 

Hamilton upper shale 250 feet 

" upper sandstone 30 

middle shale 225 

*' lower sandstone (hard) .50 

" lower shale 75 

Thus we see that the massive Hamilton sandstone of Perry Co. . 
SOO feet in thickness, has in Huntingdon Co. dwindled down to 
two compamtively insignificant sheets of 50 and 75 feet thick re- 
spectively and separated by 225 feet of shale. 

The same type of structure is shown in Northumberland and ad- 
joining counties as we find from Prof. White's report (G. p. 77, 
etc.) He says in speaking of the country east of the eastern 
branch of the Sus([uehaiia : 

''The type of the Hamilton series is remarkably similar to the cor- 
responding beds in western New York both in lithology and in the ac- 
companying fossils." 

Again lie writes: "The middle type of the Hamilton comes In aft<*r 
piissing south from the Northumberland synclinal and may be found on 
both sides of the Selinsgrove arch which crosses the river about five> 
miles below Sunbury. The section on the south side of that axis exhibits 
a structure for the Hamilton quite different from that shown in Columbia 
county." 

Olive-brown shales 4.50 feet 

S4»linsgrove upp<*r sandstone 202 '* 

Dark olive shales 125 *• 

Selinsgrove lower sandstone 5 ** 

Brown and dark shales 800 •* 

Again Prof. White writes : "The southern type of the Hamilton beds. 
is rea<'hed after passing south of the (fcorgetown axis near the southern 
border of Northumberland there being a progressive <*oarsening of the 
series in that direction fr<»m the locality of the last section near Selins- 
grove." 

Selinsgrove upper sandstone. 100 feet 

(Hive-brown shales 300 ** 

Selinsgrove lower sandstone .50 '• 
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Prof. White adds : "The Selinsgrove upper sandstone is one of those 
intercalated beds which here makes its appearance in the middle of the 
Hamilton group and is so thick and massive as to change entirely the 
character of the topography, for instead of a wide level valley as in 
the north, it is now found making a high ridge along the strike of this 
sandstone. There is not an inch of this sandstone represented in the 
bed on Fishing creek. (Fishing creek drains nearly all of Columbia 
Co. north of the Susquehana and is therefore to the northeast of North- 
umberland Co.)" 

Again we find in Mr. Piatt's report on Blair Co. the following 
evidence. (T^ p. 81) : 

** In Blair Co. the whole of the Hamilton formation is composed of 
dark shale with calcareous layers." 

And further Prof. Lesley adds a note in the reix)rt of Rye 
township (Fg p. 310) to this effect : 

"The outcrop of the Hamilton sandstone crosses the Susquehanna 
river eastward from Perry Co., and runs through Dauphin, Lebanon and 
Schuylkill counties," that is northeastward. 

It thus appears that the Hamilton sandstone gradually thins 
away from a point near or on the south line of Perry Co. , to the 
northeast, north and northwest, in which directions alone it can be 
traced. In thus thinning out it splits and becomes a lower and 
an upper sheet of which the latter is the more pci*sistent, extending 
even into Northumberland, while both underlie much of Hunting- 
don Co. Its color is usually gray or whitish, seldom 3'ellow and 
never red, and it is usually not very hard. It is not conglomeratic. 

At the south line of Perry Co. it stands vertical and is even 
somewhat overthrown as may be seen upon the Susquehanna a few 
miles north of Harrisburg. When this is the case it forms very 
rough and almost mountain territory. Its southernmost outcrop 
is known as Little mountain and is cut by the Pennsylvania Rail- 
way near the bridge across the Susquehanna at Rockville. 

How much farther it may hare extended to the southeast is of 
course unknown. The contortion and erosion which the country 
has suffered since its deposition have utterly destroyed all trace of 
it. Moreover along the line of its last southern outcrop in Little 
mountain lies apparently the edge of a great overthrust plain which 
has brought the Onondaga red shale against the Hamilton sand- 
stone, cutting out, that is covering up, the intervening strata 
though a thousand feet in thickness. These only reappear to the 
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eastwaixi near the Labanon Co. line after a concealment of 20 miles. 

So large a semilenticular mass of sandstone intercalated in a 
group of soft strata must have had some local cause and in seeking 
this we may be aided by recalling the geography of Pennsylvania 
at the time under consideration. 

Tn the early Devonian era the interior states, generall}' speaking, 
consisted of an open ocean extending from the Atlantic land on 
the east in what is now eastern Pennsylvania to an unknown dis- 
tance westward and limited to the northward by the Arcluean High- 
lands of Canada. In this palaeozoic ocean a gentle elevation was 
taking place along a line from northeast to southwest tifrough 
Ohio, whereby what is now known as the Cincinnati ridge or arch 
was brought into existence. Ultimately, and probably before tlie 
Devonian era closed, this ridge parti}* severed the eastern portion 
of this ocean from the rest and formed the Appalachian strait or 
gulf. The continued subsidence of this strait or gulf allowed the 
deposition in it of sediment from the adjoining land on the east 
but the nature of the sediment on the area now in question would 
indicate by its fineness, being mostly sandy shale, that the land 
was not very near, or if near not very high. The latter is more 
probable. Such deposits do not indicate shallow water or strong 
currents. The actual margin of the Appalachian gulf or strait 
has apparently been destroyed by the corrugation and erosion that 
have ensued, so that the present Hamilton deposits are those which 
were deposited off shore, but neither in deep water nor on the 
l)order of the land. 

But so great and sudden a change in the nature of the strata 
implies some great and con-esponding change in the physical 
geograph}' and especially in the attitude of the land — a change 
that would allow the Hamilton sea to assort and arrange coarse 
sand where it had previously deposited only fine shale. 

The arrangement of this sand appears to indicate a center of 
distribution from which it was spread over the whole area that it 
now occupies and it seems a not improbable supposition that this 
centre was the mouth oi some large river which bore into the A|>- 
palachian sea its tribute of sand and mud. The former was as- 
sorted and distributed over the region around the river-mouth, and 
the latter carried out to a greater distance where it ultimatel}* be- 
came a bed of shale. That the ancient Atlantic land was drained 
bv a svstem of streams oroes without saving, and it mav be that 
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we here catch a, glimpse nf one of them, or at least of the place 
where it entered tlie sci 

In making this supposition to explain the occurrence of the 
Hamilton sandstone it is not at all necessary to assume that this 
anoieut river came into existence at that epoch and then passed 
out of bemg Far from it The ri\or may have existed ages be- 
fore that (lay and may have continued to flow long after the Ham- 
ilton era passed away. All that ia necessary is to suppose an ac- 
cession to its carrying power. And this is not difficult. The 
palffiozoic geologj' of the eastern states indicates beyond all doubt 
constant and great oscillation of the land and the seabed. Inter- 
mittent depression to immense extent caused the accumulation of 
the massive sedimcntof that era. Such accumulation likewise in- 
directly proves elevation of the land, for had not this taken place 
the whole area must have been eroded and removed. It is less 
easy to detect ele^'ation of the land than depression of the aea 
bottom, because the former leaves no direct evidence of its occur- 
rence. But if the Hamilton sandstone is in truth the monument 
of some old and extinct river, it records a time when through ele- 
vation of the coast the eroding and carrying power of that river 
were lai^ely increased so as to form the Hamilton lower sand- 
stone. Nest it indicates a time when probably by the work of 
the river, but possibly by ensuing subsidence, the current was 
again slowed down and the sand di'opped near shore, its quantity 
being also diminished. Thirdly, it reveals another sharpening of 
the stream hy a second elevation wherebj" it was enabled to erode 
from the land and scatter over the ocean bed the Hamilton upper 
sandstone thicker than the lower. Lastly, the action of the river 
destroyed its own velocity by eroding its channel or a second sub- 
sidence ensued with the same etfect. 

All these episodes are to be read with great probability in the 
Hamilton sandstone, and if our argument is well founded we gain 
a peep at one of the changes of which the palseozoic era was made 
up. 

Possibly though this is little inoi-e than a supposition; the ab- 
sence of lime from the Devonian formation through tiiis part of 
Pennsylvania may be an indication in the same direction. The 
beds show a preponderance of the earthy and mechanical over the 
chemical deposit* such as ia i al near the mouth of a river where- 
tlip tv;ish from Uie liind preck aa i over all other materials. 
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The fauna of the Hamilton in middle Pennsylvania contains the 

following species : 

Brnchiopoila, 

Spirifera ziczac Hall. Strophodonta pcrplana Con. 

*' miicronata Hall. Strophomena rhumboidalis Wahl. 

" medialis Hall. Orihis ponelope Hall, 

aouminata Hall. Chonetes setlgerus Hall, 
ffraniilifera Hall. *' coronatus Con. 

Rhynchonella horsfordi Hall. Tropidoleptus carinatus Hall. 

" congregata Conrad. Atrypa reticularis L. 

Rensst?h€rla sp. 

Tonta<'ulit*»s attonuatus Hall. 

Lamcllihrnnch UtUt. 
(ilyptodosnia rectum Con. Actinodesma subrectum Whit. 

Aviculopecten princ<'ps Con. 

QaHtcroinnht. 
Loxonoma delphicola Hall. 

EchlnodciTintUt. 
Ancyrocrinus bulbosus Hall. 

Nautilus liratus Hall. 

CruRtticat. 
Phacops rana Oreen. Homalonotus delphinocephalus Greon. 

\\'rtct)rntn. 
Coccosteus ? 

Most of these fossils are forms which would he naturall}' Iookc<l 
for by the palieontologist in a middle Devonian formation. They 
characterize the Hamilton group of Penns3ivania and adjoining 
states. But there are one or two on the list which are less famil- 
iar on this horizon and reiiuire a moment's notice. 

RvnsM'licrin is one of those genera whose existence, even in- 
cluding its allied forms, Amphigenia and Newl)erria, is, so far as 
yet known, confined between the limits of the Lower Helderberg 
below and the Comiferous limestone al)ove. Renssehvna was es- 
tablished in 1859 by Prof. Hall to receive a number of peculiar 
shells of the t^'pe of R. ovoides. In 1867 one of these was re- 
moved by the author of the genus and made the t3'pe of the new 
genus Amphigenia, The range of these was as follows : 

Comiferous limestone Amphigenia elongata. 

Kensseheria johanni. 
Schoharie grit AmphigtMiia elongata. 

Oriskany sandstone Amphigenia curta. 

Rensselieria condoni. 
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R. cumberlandhe. 
R. intermedia. 
R. marylandica. 
R. oval is. 
R. ovoides. 
R. suessana. 
Lower Holderberg R. icqiiiradiata. 

R. elliptica. 
R. laevis Hall. 
R. mutabilis. 
R. portlandica. 

Prof. Hall has recently taken his R. johanni from its old posi- 
tion and has made it the type of a new genus Newherrin^ charac- 
terized by the slightness or absence of external radial stria tion of 
the two strong dental plates, and the thick hinge plate and inter- 
nal loop of Rensselaria. To this new genus is also refeiTcd the 
/?. liEvU of Meek which is reported by Whiteaves from several 
places in the Mackenzie River district.* 

When the writer, at the meeting of the Am. Ass. for the Adv. 
of Science at Minneapolis, in 1883, announced his discovery of 
these fossils in the Hamilton sandstone, he spoke of the difficulty 
which he had felt in separating them from some of Prof. Hall's 
species, such as R. mar^'landica and K. johanni. He was not 
willing in this state of uncertaint}* to coin a new name and left the 
matter in doubt. These fossils are now in the hands of Prof. 
Hall for description and the difficulty will doubtless be cleared up. 
It may wery probably prove that they will also belong to the new 
genus Newberria from their close resemblance to R. johanni. 
Whether this should prove to be the case or not, they will at any 
rate carrj' this t}*pe of shell up from the Corniferous limestone to 
the middle of the Hamilton. 

The last name on the list also calls for a short notice. It is a 
cjist of the dorso-median plate of CoccoMtens or some nearly allied 
placoderm, but its exact relationship has not yet been determined. 
Its occurrence in these beds is interesting l)ecause, so far as I am 
aware, no fish fossil, has yet been described from the Hamilton 
group in Pennsylvania, though a scant}- fish fauna has come to 
light from the rocks of similar age in adjoining states. At some 
future time more details may be given regarfling this solitary 
specimen. 

♦See Contributions to Canadian Paheoniology. Vol. I, pt. 3. 
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NEOLITHIC MAN IN NICARAGUA. 

By J. C'liAwroHi), Managua, Nicarajrua. 

Numerous evidences of panic and fright among men and 
domestic animals in Nicaragua, in one of the past geological 
epochs, are deeply impressed on stratified rocks many feet l)elow 
the earth's surface, under the city of Managua, extending south 
and southeastward from lake Managua to a distance of over one 
mile, possibly further, as far as has been examined, in the direc- 
tion of the extinct volcano Masaya ( 1 ), ten miles distant. The 
footprints indicate haste, confusion and excitement, and are im- 
pressed from H to 2 inches deep in the stratum, the toes of the 
feet in every footprint made the deepest mark and pushed the 
mud back toward the heel, as usual from running in shallow mud: 
all are pointed, many directly, others obliquely, towanl lake 
Managua, as if to seek shelter in its*waters from a storm of burn- 
ing hot volcanic ashes and cinders, or some eciually dangerous 
occurrence. A few roughly polished arrow heads and l)arbed 
harpoons, but no skeleUms nor l>ones have been found in that 
nor in any of the superimposed strata(2). 

A short topographic and stratigraphic description of the local- 
ity will enable a comparison to be made with similar conditions of 

(1) This volcanic classification of " extinct " is not based on any theory 
about the interior constitution of the earth, but, on such facts of my 
own observation as, when in my examinations I found that I must adopt 
some classification. The plane of invariable annual ( also daily) temper- 
ature beneath the earth's surface on and near to this large mass of vol- 
canic materials is isogeothermal with planes of similar situations and 
altitude in that countr>'; on inactive but not extinct volcanic masses do 
isogeothermal plane can be found, or, it is too irregular and indefinite 
for determination. The selection of homes and hiding places by wild 
animals and birds on extinct but never, so far as I have observed in 
this and in South American volcanic countries, on inactive hot top nor 
on active volcanoes. 

( 2 ) Since this paper was written, Nov. 1890, there has been found 
( Jeb'y 10, 1891 ), the tlnnt (ind hhkiJI iiiHenteyrntiuy purtn of utrmil rrtiui- 
*ini houtH 4iu(J three itrfttur teeth of ntnue huiioiu htituf^ in an urn of oblate 
oval form made of volcanic, iron-colored clays and sand and burned. 
The dimensions of the urn are: depth 08 c. m., greatest diameter 68 e. 
m., diameter across opening at one end 4;^ c. m., thickness in walls J4 to 
% of an inch. This was discovered in a (piarr}' in southern part of the 
city of Managua, al)out 15 feet below the eartlVs surface and resting on 
a stratum composed of volcanic ejecta hardened sufficiently to be 
quarried and used in the construction or all kinds of walls for resi- 
dences and public buildings in the city of Managua: al)out sixteen feet 
beneath the urn, four hard conglomerate strata intervening, is the 
stratum on which human footprints wore found in large numl)er8. The 
bones and urn were purcha8e<l by tlie consul for Austria, and will be 
sent to the museum in Vienna, Austria. 
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surface and strata in other countries, whose geology is better 
known, in order to determine the epoch when these people lived, 
and possibly to decide on the cause of their flight. 

For a few feet south from the water margin of the lake, the 
formation is a coarse sandy beach, then an abrupt cliff 8 to 12 
feet high above the surface of the water, thence south and south- 
eastward for more than a mile, the surface ascends to about 180 
feet above the level of the water in the lake, then commences a 
series of volcanic montecules, cones, craters, and cerros, some- 
what degraded by erosion, extending 25 to thirty miles eastward 
to lake Nicaragua. 

The stratum bearing impressions of human feet is near lake 
Managua, about fourteen feet beneath the surface of the soil, and 
on a level with the high water mark. It is not much inclined but 
nearly horizontal with the present surface of the earth as it 
ascends south and east from the lake. 

The mineralogical composition of the strata from at least 
twenty feet below the stratum retaining footprints of man and 
other mammals^ up to the surface of the soil is about the same. 
The larger proportion of more acid minerals are near the soil, the 
general composition of all are rhyolite, trachyte, lipardite, phono- 
lite, pumice, basalt, dolerite,audesite and black, also light colored, 
scoriae, all in particles ( large grains or small fragments ) and 
l)odies, mixed by water with volcanic ashes ( and ores of iron ) 
into a conglomerate whose contained grains and fragments are 
weakly cemented by the ashes and oxides into strata varying 
from six inches to four feet thick and consolidated to a hardness 
when in place, of from 2 to 2^ ( excepting the upper stratum 
which has not yet hardened sufficiently to be separable, from 
top to bottom, into blocks ), containing four or more cubic feet ; 
exposed to a dry atmosphere these rocks soon harden to 3.25 to 
4. Each stratum is separated from the one above it and, also 
the one below it, by a fine grained, loose sand, colored light brown 
by iron oxides and varying in thickness from 2^ to 4 inches. 

Stratigraphically, the deposits, from at least ten feet below the 
stratum impressed by human feet, up to the surface of the earth, 

are: • 

( a ) Superficial, 4 to 10 feet thick uncompacted or partly hardened 
ejecta conglomerate (3 ) containing numerous patches or small areas of 

(8) Ejects conglomerate in distinction from funed volcanic conglomerates and 
" shingle " and from " conglomerate " as defined by Lyell, Dana, Lo Conte, Prestwich 
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small fragments of pumice, also of colored clays and sands which when 
mixed with lime (CaO,H, ) is used as a hydraulic cement which de- 
velopes nearly as much tensile, torosile and adhesive strength as Roman 
cement; this is an acid conglomerate of grains and small fragments of 
volcanic materials the majority of which represent the early and middle 
part of the ashes-and-cinder-eruption in some period of explosive 
volcanic activity. 

( b ) A stratum of tine sand, 4 to A.]^ inches thick, loose, uncompacted, 
slightly colored, light orange brown by hydrous oxides of iron. 

( c ) A stratum 2 to 2)4, hard, of ejecta conglomerate, 4 to 4J^ feet 
thick, coarse grains and small fragments well mixed, of a dark grey 
color spotted with hard black fragments of metamorphosed hornblende. 

( d ) A stratum of fine sand, uncompacted, resembling ( b ) in color, 
2^ to 3 inches thick. 

( e ) A stratum of the same composition, hardness and color as ( c ) 
above described, 2% to 3 feet thick. 

( f ) A stratum of fine, loose sand, 2 to 8 inches thick of a light orange 
color. 

( g ) A stratum 2 to 2% feet thick of the same composition and color 
as ( c ) and ( e ) above described but harder, nearly 8 hard. 

( h ) A stratum of fine, uncompacted sand, 1}^ to 2 inches thick, light, 
reddish brown color. 

( i ) A stratum composed of the same kind of materials and of the 
same color as ( c ) and ( e ), and about as hard as ( g ) above described, 
bearing intaglioes in the upper surface of numerous deep impressions of 
the feet of man and domestic animals, also containing, sunken until nearly 
covered, in its surface a few roughly polished stone implements, arrow 
heads, etc. 

( j ) A stratum of fine sand, uncompacted, the interspaces filled with 
water two and a half to three inches thick (4); it is colored light reddish 
brown by iron oxides, and has changed position and associates more 
than once since the Miocene period of the Cenozoic era. 

( k ) A deposit, below the UHual level of the water in lake Managua, 
more than ten feet thick, of unknown thickness ( I excavated only about 
ten feet, into this stratum when the water came in so rapidly as to cause 
work to cease ), but, probably it i» several hundred feet thick, »/;)r////<- 
jHtfttd mat(TialM of the same composition as the harder strata alK>ve 
it; the water appears to have prevented the hardening of this deponit of 
volcanic ejecta conglomerate. 

The different strata of sand in the a!K)ve (iescrihed. were dv- 

l>ositH from the ordinary currents of water after tiie usual rains; 

ttiul other auth«)ritief, in »H*in^' coiiipoMHl of irrainH, particlr- and fratrinf'ntK of rockn of 
Irrvjfular ^hal)«*t», and pi«H'«'>« of niineralei from tlu' M/.v of a MM. diamft«*r to diamett*rr< 
of HHveral CM., all fj»*<te<l from volcano*'-, and M)nie partich*- .softened afterwani by 
in»*tHorl<* inllu«Mic«*H, then tranfoorteii from tin* >»i«l«*H of volcanic mur<Ht*r« and the \allevV 
lM»tweHn them, a>* Hoodn of miHl and «l«»|M>*it»Ml -tratijrraphirally. 

{ 4 > Thin ftnitum ha^, t*tranjr»'ly, l»*H*n nii»tak»Mi for " Mioc»*nH-m*ri<Kl Han<l," and mi 
puhlinhtMl in Knrop<^: it ttifiired pn)min»'ntlv in an artirif pnblir'hed in the PnK-t't^dinjr- 
of the Victoria ho<titnte, London, 1HS7, deriarinu th** ♦•xi»-t«'nn» of man. t\\*»nt» f(M>tprintr>, 
in Niraramrua in the MIocenr period. se«' Pro*. \ ictoria In-titiit** iss»> or 1KS7. 
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they are too thoroughly sorted or separated according to their 
densities to ))e ashes imraediatelv from volcanoes falliny: on the 
hardening stratum of rock. 

The strata of hardened volcanic conglomerate ejecta were de- 
posited, each stratum most probably from large deep llo<His of 
mud brought down in continuous flow during one season, b}* tor- 
rents after long continued heavy rains, from the adjacent monte- 
cules, cones and cerros of materials enipted from volcanoes. 
The superficial deposit ( four to twelve feet deep, uncompacted ) 
was formed by several small floods of mud, occuring at intervals 
of several vc^rs. That these floods of mud occurred and that 
they were so thick in this locality is confirmed by vivid descrip- 
tions bv some of the most eminent, educated and reliable citizens 
in Nicaragua who describe a similar occurrence on Octol)er 4. 
1876. In this locality the city of Managua, the local name of 
these torrential floods of mud is '* aluvions de barro; " this alu- 
vion de barro filled the open houses, streets and plazas near the 
lake five and one-half feet deep with thick mushy mud composed 
of materials similar to those that are formed into hard conglom- 
erate, hereinbefore descrilied. Much of the slowly moving mud 
which remaineil in the citv was washed into the lake bv subse- 
c|uent rains, but large masses were left in protected places, which 
have dried and hardened into isolated areas al>out twentv-four 
inches thick. Some of its upper surface, probably was washed 
away by rains because when these isolated parts, now hard and 
24 inches thick, were prevented from flowing further, they were 
fully five and one-half feet deep, slowly flowing ma.sses of thick 
mud. Several large boulders, some of them fully twelve tons in 
weight, were moved from depressions or concavities on the 
mountain's side, alK)ut one mile to the south of the citv. where 
they had hanlened. Thev were not hard enough to have been 
rolleii even for 100 yards without breaking into fragments, but 
were deposited in the streets of Managua. A canal that once 
extendeil for two miles from (»ast to west, and was forty feet wide 
and ten fei»t deep, was filled up by the mud flood. OctolKM- 4, 
1S7(). and is now one of the principal thoroughfares for t rattle. 
At this date natural forces were acting on a grand scale, in this 
IcK'ality, changing the position of large tjuantities of material, 
yet the forces were small in comparison with that enormous flood 
of mud, which transj>orted from the adjacent mcuiticules and 
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cones sufficient loose fragmentary material ( which had, long pre- 
viously probably, been erupted from volcanoes ) to their present 
position, where dry and hard the stratum ( c ) is now four and 
one- half feet thick. 

The people whose footprints are found so numerous on stratum 
( i ) must have removed from that locality before the occurrence 
of the **aluvion de barro" which formed the now hard stratum 
( g ), because that flood of mud must have been over fifteen feet 
deep. 

These strata drie<l slowly in a moist atmosphere; they are not 
fissured, consequently they did not dry rapidly; they show no in- 
dications of having been schisted, nor have any cracks afterwards 
been filled up by washed materials. 

The time when men, dogs and horses* fled to Managua to shel- 
ter themselves from the highly heated cinders and ashes ejecte(i 
from volcano Masaya, was most probably very long ago. 

We may go back, in time, toward that ejwch guided by such 
facts as the following. From intelligent and reliable witnesses 
we learn that volcano Masaya, aljout ten miles eastward from the 
city of Managua and on the west side of the city of Masaya, 
commenced on the 10th of November, 1858, emiting ( from a 
fissure in its side al)out four hundred feet l)elow the rim of its crater 
containing a lake of water ) aqueous vapors, sulphurous acid gas, 
chlorine gas, carl)on dioxide, etc. This continued for about ten 
dayst then ceased, and, although a part of that fissure still exists, 
gapping and ugly, yet the entire volcanic mass is now so cool 
that its sides and the outer and inner edges of its crater are cov- 
ereil with small green trees and fiowering plants, accompanied by 
many birds ( 5 ) which appear to consider that volcano extinct. 

From history we learn that on the 10th of March, 1762, a 
fissure opened in the side of this volcano Masaya alnnit three hun- 
dred fet»t below the rim of the crater, and jH)ured out lava, at 
inter>'als, for several days, which covered an area about one-half 

*No impression of the side toes of horses have been found in this 
stratum ( i ), in the two or three inch deep impressions of horses* feet. 

tThe statements are various. 

(5) I here noticed in the volcanic part of Nicaragua and in other 
countries, that hirds seldom or never visit volcanoes that have hot tops 
and have no isogeothermal plane corresponding with the surrounding 
country; birds and wild animals appear to have an instinctive knowl- 
edge of the natural causes, dynamic and kinetic, at work in tb» 
mysterous depths of the earth. 
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mile wide, near the fissure, and widening gradually, for an extent 
of three or four miles into a forest of large exogenous trees, leav- 
ing over its course a mass of scoriae, obsidian, vesicular lava 
and stones, which now look as if fresh and hot. Many trees 
along the edge of this flow of lava were carbonized, and parts of 
them are yet standing. The ashes and cinders then sent out 
with explosive force through the fissure, have been washed away 
down into the lakes. The volcanic activity created no great dis- 
turbance in the present city of Masaya, situated on the side of 
the volcanic mountain, opposite to the fissure, and the ashes 
reached to the city of Managua ten miles distant, only by occasional 
gusts of wind, not of suflflcient quantity or temperature to 
cause any other unpleasantness than great apprehension of 
danger. 

Anterior to this activity in 1762 we have no reliable human 
record of any other outburst from this volcano, and physical evi- 
dences indicate that it had been quiet for very many centuries, 
possibly for one or more geological epochs. 

In comparing these facts in reference to the eruptions with 
other volcanoes the history of which is better known, but which 
have far more deeply eroded sides, of which facts are obtained, 
we find, that the materials forming, in considerably large part, 
the montecules, cones and sides of Etna, are easily loosened by 
rains and can be washed down in large quantities by torrents as 
at volcano Masaya; also that eacli, in its own locality, has sea- 
sons of heavy rains ; but the lava which poured from Etna four 
hundred years B. C, and stopped the Carthagenian army in its 
march against Syracuse, is now, much of it, exposed on the 
earth's surface where it flowed and is not covered by sedimentary 
materials, washed down, from Etna's side, nor covered by floods of 
mud. Yet, in less than ten miles from volcano Masaya, the 
stratification near lake Managua of materials ejected from vol- 
canoes and washed down and deposited, is hard and more tlian 
twelve feet thick at its least depth, above the hard stratum 
deeply impressed by human footprints, and these impressions of 
feet were made when the surface of that stratum was only partly 
hardened or in a stifl', muddy condition. Any estimate in years of 
thetime necessary to form and then to harden an ejecta conglomerate 
so slowly as not to fissure, such as each of these strata near lake 
Managua, and the time intervening between the drying and 
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hardening of one stratum l)efore commencing the dejKwi- 
tion of another, would l)e solely speculative. 1 have not sufficient 
data from mv own or others' observations of volcanoes as to the 
average quantity of matter annually washed down from their 
sides, either by ordinary rains or during seasons of extraonli- 
narv fl(M)ds. to make from the annual en)sion an estimate of time 
necessary to form such deiK)sits as the conglomerate strata 
beneath the city of Managua and extending toward the extinct 
volcano Masaya. 

There certainly has been an epoch of great elevation and glaci- 
ation in part of Nicaragua, and a subsecpient epoch of subsidence 
in all, and much ice melting and torrential flcM)ds in parts. There 
are many evidences here of the occurrence of the (llacial, Cham- 
plain and Termce ejK>chs. Probably this stratum containing 
human footprints, and the superimjK)sed strata, were deposited 
(hiring the later elevation and depression of the Champlain epoch 
and early part of the Terrace epoch; if so. then there is in Nicar- 
agua evidenct* of men in large numbers and congregated in large 
towns or cities of thirtv thousand or more, durinij the later Cham- 
plain or early Terrace ej)och. And. if we accept M. Forets 
calculations in reference to the time occupied in silting parts of lake 
(Jeneva by the river Rhcme in an effort to get at the <late of the 
conclusion of the glacial period there, as a basis for the hanlening 
of the stratum underneath the city of Managua, we can probably 
say more than fifty thousand years ago. 

Mnnnqua. Stcnniqna. Xnr. 10. 1S9(K 



THE POST-ARCH/EAN AGE OF THE WHITE LIME- 
STONES OF SUSSEX CO., N. J.* 
A REPLY TO A UEVlEWt 

KiiANK L. Naj«<»n, .h'fftTMin rity. Mo. 

In the review of the above paper the writer feels that Prof. 
Dana has lai<l undue stress upon some of the evidence adduced in 
sup(>ort of his views and not enough on other. 

It does not seem to Ik» logical to assume, because a limestone 
contains chondnMiite. magnetite and the oxides and silicates of 
zinc, together with intrudtnl granite, that no amount of evidenct* 

♦Ann. Hep. State Geologist of N. J., 1890. 

tNotlce of Ann. Hep. State Geologist of N. J., IHJK), Jiilv Number of Am. 
Jour. Scl., 1891; J. D. D. 
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will prove these limestones to be a locally metamorphosed fossilifer- 
ous limestone. 

In other words, if positive and direct evidence can be found 
showing a transition from blue to white limestone, the fact that 
the white limestone has the above concomitants does not militate 
against the proposition in the least. The problem simply assumes 
another and a totally different phase. Instead of a question of 
geological age it becomes a study in metamorphism. 

In the following paper the writer wishes to present, as con- 
cisely as possible, the evidence which led him to the conclusion 
that the white limestone of Sussex county is but the metamor- 
phosed form of the fossiliferous blue limestone. 

The evidence can be summed up under these heads: 

1st. The tojX)graphic features of the two rocks. 

This will include, (a) the nature of the dips and the foldings of 
the rocks; (b) the axes of special disturbance. 

2d. The associated rocks. 

This will include, (a) the accompanying bedded rocks, (b) the 
•eruptive rocks. 

3d. The transition of one limestone into the other. 

This will include, (a) breccias in the white limestone, (b) breccias 
in the blue limestone, (c) graphite and fossils, (d) the actual trac- 
ing (icrons the strike and ahjng the strike from white to blue, this 
occurring in long lines, (e) occurs in many localities, (f) the 
breccias form the boundar}* lines. 

1. Topographical features. 

The white and the blue limestones are intimately associated 
with each other. Large areas of white limestone are never widely 
separated from the blue, and not a single outcrop of white lime- 
stone is known by the writer wholly independent of the blue. 

(a.) In former reports and papers on this subject, the dis- 
tinctive feature of the white with respect to the blue, has been 
*'the universal southeast dip" and the northwest dip of the ])lue. 
Neither of these statements is in accordance with facts. It is us- 
ually difficult to observe the dip of the white limestone on account 
of the extreme metamorphism. Yet the fact that the white lime- 
stones do dip northwest is plainlv to be observed. It frequently 
happens that one end of the slope of a hill is white limestone and 
the opposite end of the slope of the hill is blue. But whatever 
the direction of the dip. they l)oth dip in the same direction. The 
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iirgument from southeast dip is farther shown to be worthless 
from the fact that the white limestones are proved anticlines in 
structure as well as the blue. 

(b.) The white limestones occupy axes of great disturbance as 
denoted by the intrusion of eruptive rocks; by excessive shatter- 
ing; by sudden and great disturbance of dip and strike. 

The force of this point will ))e more strongly felt if one ob- 
serves the isohitf'd patches of white limestone between Franklin 
Furnace and Andover. Here the blue limestones lie against the 
gneiss with numerous outcrops of sandstone. When there is an 
area of white limestone, it is not far removed from the blue, but 
it is accompanied by great masses of granite and other eruptives 
and the sandstones are usually graphitic. 

2. The associated rocks. 

(a.) One of the strong ties which bind the two limestones to- 
gether is the sandstone. This sandstone is found so abundantly 
and at such critical points as to form an evidence quite as strong 
as the actual passage of the blue into the white limestone. 

These sandstones, in many places, form the axis of hills which 
are anticlinal in structure and which have one end of a flank blue 
limestone, and the other end white. These sandstones lie muler 
the l)lue limestones and can l)e traced till the}' disappear umhr 
the white limestone. 

These sandstones are graphitic when near either a white lime- 
stone or near a granite dike accompanied or unaccompanied by 
white limestone. 

l*rof. Pana is perfectly right when he says, * 'evidence drawn 
from graphite is of uncertain value," but that is a general state- 
ment. In the case at hand the writer believes that the couth'fitnm 
under which the graphite occurs make its testimony not only 
strongly corrolM)rative. but direct and positive. 

The presence of graphite in the blue limestone wiin>ementi()ne<l 
under 3. (b.) The white limestones, as already stated, are 
chanicterized by eruptive rocks. The most characteristic of 
these is the gnuiite. There is hardly an area of white lime> 
stone which is not accompanied by gnuiite: even where gran- 
ite is not visible on the surface the white limestone is filled with 
intnisive shi*ets of it. This is proved by the drill Iwrings, 1,100 
fetn dtH»p at Franklin Furnace. There were eight holes in all, 
and each had successive la vers of granite. 
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~ The blue limestones are almost wholly free from eruptives and 
jjranite is never present. Taking these^faets in connection with 
the disturbed areas as shown by the topography, the presence of 
granite in the white limestone and its absence from the blue is as 
easily accounted for as the fact that the whit(» limestone occupies 
areas of great disturbance, while the blue area is comparatively 
undisturbtnl. 

3. The transition of the blue limestone into the white. 

The writer regards this gradation as absolute proof of the* 
svnchronous horizon of these two limestones and that this fact 
alone is sufficient to establish the point at issue even were there 
no other confirmatorv facts. 

That this gradation or transition actually exists no one will 
doubt if once he visits the localities in (piestion. (a) Breccias in 
the white limestone are not always readilv ol)servable, but l(K*alities 
are found wliere great masses of Iimi»stone are made up entirely 
of angular fragments. The interstitial matter is coarsely crystal- 
line with scales of graphite. The angular fragments are bleached 
and some have a distinctlv crvstalline structure with scales of 
graphite and cloudy aggregations (»f the same mineral. In some, 
the angular outline of the original fragment is plainly observable. 
hut near the center the crvstalline structure is lost and the core is 
a rounded, comparatively* unchanged mass. Were it not for the 
abundance and variety of these breccias one might regard them as 
a kind of concretion. 

(b.) The breccias in the blue limestones, like those in the white, 
are found near the lx)undarv line, or are. rather, the actual 
)K)undar}* line; the white limestones being found on one side and 
the blue on the other. The breccias are filled interstitiallv with 
crystalline graphitic limestones. The fragments themselves, while 
as dark as the blue limestone, have occasional scales of graphite. 
The degree of alteration depends uiK)n the size of the fragment. 
The l)oundar}' line between the blue and. white, when they ap- 
proach each other, is either brecciated rock or a line of easy 
gradation as note<l under 3 (d). (c)^The presence of graphite 
and fossils in the blue limestone and in the sandstone, 
stamiing as isolated facts, do, as Prof. Dana says, have but 
<loubtful significance, but this particular ca.se stands as • fol- 
lf,ws: — The fossils show these rocks to be among the oldest of 
fosiliferous rocks and thus more liable to metamorphic action; the 
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presence of graphite in the rocks and actually replacing these fos- 
sils shows that metamorphic action has actually operated to some 
extent; and the invariable proximity of these blue limestones and 
the sandstones when graphitic to either white limestone or granite 
is exceedingly strong evidence in support of the proposition that 
the metamorphism which changed the white limestone operated in 
a less degree, but at the same time, on the blue limestone and the 
sandstone. 

(d) The actual gradation from white to blue across and along the 
line of strike. In the case in hand there is no possibility of mistaking 
super- position of a younger blue limestone on the white. The actual 
facts are that going from west to east there is encountered, first 
a coarsely crystalline white, graphitic limestone; last a blue lime- 
stone, plainly bedde<l and jointed. Between these two points, no 
more than fifty feet apart, these limestones shade into each other 
in color, in degree of crystallization, in the presence of graph- 
ite. That is, the graphite exists in everj* stage from the bright 
crystalline stage to cloud aggregations of carbonaceous matter 
which give the blue color to the blue limestone. 

(e. ) This gradation is not confined to a single locality, but the 
localities are numerous. In no localit}' is actual contact observed 
l>etween white and blue limestone, but wherever exposure is of 
such a nature as to allow such contact to be observed, if it existed^ 
the alK>ve facts are obser>'ed instead. The transition rocks are 
not taken from several localities and transition inferred from this 
series; but by going across a given exposure the complete series 
is seen and in place. No series of samples can give a perfect idea 
unless a continuous strip of rock were taken. Using the locality 
at Franklin Furnace as a point of departure, the localities at which 
this transition may be observed are as follows: — West of the Rude- 
ville quarries four miles; on a hill east of McAfee, six miles; on 
the hills southwest of McAfee, numerous localities, five miles; on 
a small hill then north of McAfee, nine miles. These localities 
are all in the Vernon and the Wallkill valleys. In other locali- 
ties near Oxford, Jury Jump mountain, and Andover, changes 
fully as convincing may be observed, and these point to the fact 
that the conclusions reached in the study of the Sussex county 
limestone may safely 1h» extended to these also. 

In conchision it may In* well to state that the two limestones 
are separated by one of two marked types of rock; either the >>and 
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of transition limestone or by a band of brecciated limestone rock ; 
and that in no place does the limestone change from l)lue to white 
across a continuous exposure without one of these transition rocks. 



NEW OBSERVATIONS ON THE GENUS TRINAC- 

ROMERUM. 

By F. W. Crauin, Coloriido SpringH, (.'oluradu. 

The tj'pe- skeleton of this genus, discovered in the summer of 
1888, and partiallj- described by the writer a few months later*, 
was nearly perfect when first seen by the workmen who found it, 
but was afterward broken in pieces by vandalic curiosity seekers, 
and had been scattered over portions of two counties before it 
came to the writer's knowledge. It was with gre^t difficulty that 
the task of getting together such parts as had escaped utter de- 
struction was accomplishe<l, some of these being obtained by rock 
excavation at the original locality, others by dint of considerable 
perseverance in travel and moral suasion. 

The expenditure of much time and labor in freeing the bone- 
fragments from the more or less silicified limestone matrix and 
in matching them, has resulted in restoring to a condition avail- 
able for study, several parts which once seemed hopelessly in- 
complete. A study of the type, as thus renovated, and of parts • 
of several other specimens, has enabled me to supplement my 
preliminar}' paper with the following descriptive notes. 

The Skull. — Besides the verj- imperfect skull of the type 
( represented by the muzzle and a number of other fragments, of 
more or less importance ), the writer has secured two skulls which 
l^elong — onet certainlj', the other probably — to this genus. For 
convenience of reference, these three skulls may he designated 
respectivelj' as A, B, and C. 

As all preserved parts of the skeletal structure of Trhiacrome- 
rum will be fully treated in an illustrated memoir, which is in 
preparation, a detailed consideration of the skull will not now l)e 
undertaken ; but a few of its more conspicuous features may here 
l)e noted. The skull is \qt\ large ( B, C) and long ( A, B ), 

♦Preliminary Description of a New or Little Known Saurian from the 
Benton, of Kansas. American Geologist, December, 1888. 

tThls skull seems to have pertained to an individual of about the same 
size as the tvpe, with which it agrees perfectly In several parts pre- 
served in both specimens. I regard it as not only congeneric but also 
co-specific with the type. 



172 The Aliicrk'Hn Geologliif, September, 1*1 

rather broad posteriorly ( U, C). and gradually contracting an- 
teriorly ( B ) to the greatly produced, high, and narrow muzzle 
( A. B). The fronto-parietal region is but moderately elevateil. 
and slopes either way from the o])tuse median ridge ( B, C ). 
There is a rather large elliptical or narrow-ovate parietal foramen 
( B, C ). The orbit is large and ovate ( B ) in outline. The 
mandible has a long symphysis ( A, B ), posterior to which the 
rami are (juite straight till at and near the posterior end, where 
they curve inward ( B ). The teeth ( A, B) resemble in form anil 
sculpture that to which Leidy has given the name, FltutnuauriniX. 
but are smaller and less curved, and their stria?form folds of 
enamel reach much nearer the summit and are lacking entirely on 
the antero-exterior segment (A, B). 

The Pectoral Arch. — The coracoids are divided into a stout, 
saddle-shaped, anterior segment, and a thin, scoop-shape<l pos- 
terior segment ))V two broad foramina which are either confluent 
anteriorly across the symphysial axis or separated by only a nar- 
row symphysial prolongation of the posterior segment. The 
anterior segment is thickened in the interglenoid axis as an 
opposed pair of deep, massive abutments whose symphysial faces 
are marked with liroad pits for the attachment of a median cushion 
of cartilage. It is anteriorly produced in advance of the glenoid 
fossa? and is posteriorly limited by the abrupt recession of the 
inner coracoideal borders from the svmphvsial axis at the foot of 
the steep posterior slope of the abutments. The thus formed 
inner-postA^rior angle of either abutment presents a complex in- 
wardly directed articulation difficult to describe, but which, 
viewed from the slightly concave dorsal side of the abutqient, 
presents the appearance of two short processes, the posterior of 
which is pedicellate. The posterior segment of the coracoid is 
characterized, like the anterior, by a transverse thickening culmi- 
nating at the symphysis, but shalk)wer than that of the anterior 
segment. It crosses the anterior end of the segment. While 
this posterior segment, as a whole, is concave upward, the trans- 
verse thickening is concave below and convex upward, reversing 
the conditions which obtain in the thickening of the anterior 
segment. The pre-glenoidal processes of the coracoids are long 
and blade-like, but are so broken in the type-s|>ecimen as not to 

JCrot. Hept. of l*. S. ' 
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show their full length and outline. But on the ])look of stone 
bearing skull C ( and which bears vertebrie indistinguishable from 
those of TriiKicromernm ) there is a perfect pair of anterior cora- 
eoideal blades. These lie mostly posterior to the skull and are 
directed agreeably with it, but their anterior end rests upon the 
posterior parts of the dorsal surface of the parietals, the skull 
having been accidentally turned over. These blades are about a 
fcK>t in length and rather more than half an inch thick along the 
straight inner margins, diminishing, except near the end, to a 
thin outer edge. They gradually diminish in breadth ( to two 
and one-eighth inches each ) in the proximal two-thirds of their 
length, beyond which they have moderate lateral expansion. 

The distal parts of the ventral plates of both scapulo-precora- 
ooids are likewise preserved on the parietals of skull C. They 
are flat expansions, somewhat broader than those of the distal 
<*nds of the anterior coracoideal blades, whose outer lK)rders thev 
meet on either side in a straight articulation two or three inches 
long, being thus held some five inches apart, instead of meeting 
in the mid-line as do those of (^imoh'oaauntx. This articulation 
includes nearly the posterior half of the obtuse-angled extremity 
of the scapulo-precoracoid, the remainder of the extremity form- 
ing (as pre8er>'ed) a free antero-exteriorly directed l)order which is 
s<|uared like those of the articulation, and which may, therefore, 
have joined an omosternum placed anterior to the coracoideal blades. 

The stout, extero-posteriorly directed end of the left scapulf}- 
precorncnid remains, in the type specimen, in natural relation to 
the coracoid, which it joins to form the glenoid fossa. 

A large and elongated fragment of the middle part of the 
former bone presents three faces: one concave, the others repre- 
senting the outer aspect of the ventral and dorsal ( precoracoid 
and scapular) plates, nearly flat and making a rounded angle of 
al>out 100° with each other. 

The Pelvic Arch. — Of this, there are preserved in the type- 
skeleton the perfect right and imperfect left ilium, the greater 
part of the ri^ht pubis, the acetabular extremities antl necks of 
l)oth ischia, and part of the right ischial blade. On the right 
side, the union of the ischium and pubis, and on the left, that of 
the ischium and ilium remain undisturbed. The ilium is a clavate 
l>one. rudely elliptical in cross-section of the shaft, and having . 
the much enlarged lower end bent inward and forward. 
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The general outline of the pubis and ischium is much like that 
in PffstoHannit( as figured ))y Huxley*, though its details differ. 
The blade of the pubis is a warpeil plate, presenting, when viewed 
from alK)ve, two concavities separated by an an tero- posterior axis 
of convexity, the major convexity embracing a large part of the 
middle and inner anterior regions, the minor occupying a small 
outer-anterior part. 

But the pelvic arch possesses one feiiture that distinguishes it 
from any descril)ed sauropterygian pelvis with which the writer is 
acquaintedt. The ilium does not articulate with, nor even closely 
approach, the pubis, ]>eing separated from it by the acetabular 
portion of the ischium, of whose acetabular face its own forms a 
posterior continuation. Thus the three elements of the acetabu- 
lum are brought into line. 

The VERTEBRi«. — To what has l)een published concerning the 
vertebne, there is but little that need l)e added here. As would 
l)e inferred from the great size of the skull, the anterior cer\'ical 
vertebrw are not greatly reduced in size. The atlas and axis and 
their intercentrum are anchylosed, but their suture* persist. The 
cervical ribs are suturally adnate to the centra by single facets. 



ON THE CONFOUNDING OF NASSA rRlVITTATA SAY 

ANDiVM.SNJ PE HALT A {CO^. SI*:) 

By (iiLSKKT D. Harrih, Wa«hiiigton, I>. <.'. 

Xnt^Hu trivittntn, a recent species inhabiting the eastern coast 
of the Unite<l States, was descril)ed in the second volume of the 
Journal of the Philadelphia Academy of Natural Sciences, in 1822. 
by Thomas Say.** 

Kight years later, a somewhat similar though very distinct form 
obtaine<l from the ' 'Upper Marine" (Miocene) formation in the vicin- 
ity of St. Marj's River. Md. . was inadvertently referred by Conrad 
to *'XttJiMfi Ti'irlttnta. Say. "ft Morton repeated this error on page 
2 of the Appendix to his Synopsis of the Organic Remains of the 
Cretaceous Group, publishini in 1884. The species is again re- 
ferred to by Conrad in 1S42 under the name -^ Buret num frivifta- 

♦Vertebrate Anatomy, p. 182. 

tin /Cbtnuii>sanni^, the ilium is described by ('ope as articulating with 
the pubiH only. Extinct Heptilia, Batraohia and Aves of North America, 
p. 52. 

**Op. cit. 1822, p. 231. 

ttlbid., VI., 1830, p.211. 
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tHin, Say.'** Tiiome}' and Holmes* use of this desigiuitiou fifteen 
veare later in their Pliocene Fossils of South Carolina seems 
correct insomuch as both the description and the figure they give 
indicate a species identical with Says X. trivtttntaA 

In his catalogue of the Miocene Shells of the Atlantic Slope, 
Conrad questions the identity of the Miocene -^Trifiti (^Xintati) 
tricittata' with the specimens referred t<j by Say, Tuomey and 
Holmes. || 

The following reference occurs in Meeks Checklist of Miocene 
Invertebrates, published in 1864:11 

^^683. Tritia ^rlVlV^l^l (Say?) Conrad. Md. ; Va. ; S. Car.*' The 
Mar^iand and South Carolina forms are here confuseil and con- 
sidered identical. The specimens in the collection of the U. 
S. National Museum, from St. Marys river l>ear the name "Tritia 
tririftafum, Say" in Meeks hand-writing; the identification is 
moreover initialed by Heilprin. 

In 1867, Conrad described a new species under the name of 
Ptychonalpinx (Tritia rn) ])eraff(i** Although no locality is given 
for this species, the description, the figure, and the facts that it 
is a Miocene form and is, according to Conrad, the equivalent of 
Tritia trivittata Conrad (not Say) leave little room for doubting 
that the species here descrilied is that occurring so abundantly in 
the vicinity of St. Mark's river, Maryland. 

Heilprin has overlooked this name altogether in his Tertiary 
Geology of the United States, published in 1884, and continues 
to refer this Miocene form to Xanxa trivittata Say.tt He uses the 
same designation in his list of Miocene species of New Jersey, 
published in the Proceedings of the Philadelphia Academy of 
Natural Sciences, 1887,t but whether in this case Ftifchnmlpinx 
( Tritiara) perafta (more properly Xaxxa peralfa) or Xansa tricit- 
tatoitleM Whitf d (MS. ) is referred to, one cannot decide without 
seeing the specimens themselves. 

Professor Clark of Johns Hopkins University has also over- 
looked Conrad's X. perafta. for, in 1888,{ and again in 1891 he 
refers this form to Xaxna trivittata of Say. k 

The foregoing facts may be thus summarized: — 

♦3d Bull. Proc. Nat. Inst., 1842. p. 186. Proc. Phila.Ac. Nat. Scl. 1862, p. 562. 

§Op. clt. P. 135, pi. 28, fig. 4. ttOp. cit pp. 58 & 61. 

'^Sinith8n.Mi«cl.Coll.No.l88.p.20. 19, fig. 5. 

**Amer. Jour. Conch., iii, p 264, pl.tOp. cit. pp. 398, 401. 

JJ. H. Univ. cir. vii. p. 66. §Ibid., x p. 107. 
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NiiHHa tricittiita Say, Jour. Phila. Ac. Nat. Sci., (1) ii, 1822, p. 231. 

" " Conrad, Ibid, vi, 1830, p. 211 ^Xuhho peniltu. 

'* " Mort., Synop. Org. Kem. Cret. Gp., 1884, App., p. 2 

-S'iiHHH penilta. 

Bnn'iitum tricittntnin C'on., 2d Hull. Proc. Nat. Inst., 1842, p. 186 

NllHiHl ptIUlJtil. 

*' " T. «fc H., Plioc. Fobs. S. C, 1857, p. 135 .V. triritUihi 

T n't in (XitHHa) tririttntn ? Con., Proc. Ph. A. N. S., 18(52, p. 562 

\ X((Hmi ptrnltti & 
. " * ) y, tricittntii. 

Ti'Uia tnclUiiia Meek Check List 1864, p. 20 \ ^' ''*'''** prrnWi A- 

I 3 . tririWitn. 

PtyrhoHidpinx {7'ritinriii)periiltii Con. Am. Jr. Con , 1867, p. 264, pi. ll», 

fig. 5. 

NoHnn iririWitn Heilp., Tert. Geol., 1884, pp. j f^^ ^^ '•" x']'ri!}w!t!!' "^ 

" Proc. Phila., A. N. S., 1887 pp. 398,* 401 .... . 

?.V. triritfatoifffn. 

y,mii(t {Trititiri(i) tricittiitn C'lark, J. H. Univ. Cir., 1888, p. 66 X.ptntfttt. 
NiiHHii tn'n'ttntn Clark, Ibid., 1891, p. 107 -.V ptntftti. 

Washington. I). C.Aujrust. 1891. 



EDITORIAL COMMK.NT. 



DlMINlTION OV NaTUUAL GaS. 

Prof. J. p. Lesley has contributed a paper of much interest and 
value to the proceedings of the American Philosophical Society 
on the (Jrapeville gas wells. From it we condense the following: 

A tiible showing the futility of all attempts to pipe natural gas 
to any great distance is a sufficient answer to the hopeful tone 
so often assumed in regard to its conveyance to towns far fn>ni 
the wells. It shows the initial pressure, size of pipe and loss by 
friction in conveying gas from the powerful gusher at Grai>eville 
to the Cambria Iron Works at Johnstown, Pa. 
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The diminution of pressure in 4(> miles from 200 lbs. and 33H 
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11)8. respectively to 25 lbs. at the works siitliciently proves the im- 
possibility of successfully conveying the gas in pipes to any great 
distance, at the same time the striking irregularity in the rate of 
diminution precludes the hope of discovering any rule, and raises the 
suspicion of considerable error of observation. 

Another interesting fact illustrated in the same paper is the 
steatiily diminishing pressure at the wells, foreboding ultimate 
failures at no distant date, a fact on which the Geologist has 
rej>eatedly insisted. The following table extracted and condensed 
from the same source establishes the assertion. The pressures 
are those attained by the wells after they have been closed for one 
minute. 

ORAPEVIILE— TABLE OF MINUTE PRESSURES. 

Well. Depth. At April, Dec, 3Iftv., Nov., Dec, Jan., Feb, 
feet, first. 1889. 1889. 1890. 1890. 1890. 1891. 1891. 

Klingensmlth.llOO 460 890 250 180 100 95 75 G") 

Henry 11H3 460 380 260 170 105 100 75 70 

Moon 1149 460 390 260 175 100 95 75 65 

Menosinger ...1466 410 390 240 170 95 85 55 40 

Kipple 1860 260 260 260 165 100 95 75 65 

Bvers 1350 125 — — — — — — 60 

Agnew 1420 75 — — — — — 65 65 

This loss of pressure and consequently of gas in less than two 
years, points unmistakably to one conclusion — the disappearance 
of high pressure gas l>efore long and the sinking of the great 
gushers to low pressure wells. They will then probably be very 
durable and the rate of diminution will itself diminish. Though 
useless for manufacturing purposes, they may still be very valu- 
able sources of gas for domestic consumption. At the same time 
it is quite possible that even this hope may l)e disapi)ointed and 
that the pressure will run so low as to yield practically nothing. 
This is indicated by the fact that the rate of diminution is at pres- 
ent nearly constant as is shown by the following table: 

RATE OF DIMINUTION OF PRESSURE PER DAY.* 

From April 29, 1889 646 days 321 lbs. 0.5 lbs. per day 

Dec 16, 1889 413 ** 188 " 0.455 

May 26, 1890 * 252 " 107 " 0.4 

Nov. 3, 1890 91 '* 36 " 0.4 

Dec. 1, 1890 63 " 30 " 0.48 

•* Jan. 5, 1891 28 ** 7 " 0.25 

Professor L. points out that this falling off indicates that the gas 

• In borrowlnnf thl»j table we have takt'ii the lilnrty of convctincr a ^liirht iniFitako in 
Prof. Le»Iey> calculation by which he had bruu^^ht out thediminutiun ntuchtoo hiji^h. 
The last fl{pire« may be doubtfnl. 
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issues under the force of its own expansion and not by hydrostatic 
pressure. If tliis is really the case, we must, as said al)ove, an 
ticipate a steady falling off in the rate of diminution until it Ik*- 
comes practically constant and the well becomes a low-pressure 
source of gas. 

The following deductions are of great economic importance: 

"The steady decline in pressure from 390-380 lbs. on April 20, 1889 U) 
65 lbs. on February 2, 1891, predicts a speedy extinction of the use of 
natural gas at the Cambria Iron Works." 

"•One of the wells at Grapeville was recently deepened to reach the 
•Gordon Sand' and a small quantity was found, but not enough to warrant 
any hopefulness of its maintaining the supply. A part of the works at 
Johnstown are yet supplied with natural gas from Grapeville, but It is 
weakening so fast that we supplement it with artificial gases.'" Feb. 
26. 1891. 

Again: 

"At the Cambria Works we are using the Archer oil gas to take the 
place of the natural gas and find this a very good substitute. The Archer 
process consists in vaporizing oil and mixing steam at a very high heat 
with the oil. We have also opened our mines again and are using coal 
in a great many sections of the works." March 13, 1891. 



Siri»osED Trenton Fossil Fish. 

During the past few months several notices have appeareil of a 
discovery of fish fo.^sils in lower Silurian ( Ordovician ) rocks in 
Colorado. At the recent meeting of the American Geological 
Society. Mr. Walcott. of the U. S. Geological Survey, exhibited 
some of these, and gave a few notes on the mode of their occur- 
rence. Thev are found in a red sandstone, more or less mottled 
with white, and in a calcareous laver of similar color near Canon 
City, and were first collected by Mr. Stanton two or three years 
ago. They consist of a few entire plates and innumerable frag- 
ments, mostly white or reddish ; and of long and apparently 
articulated columns reminding the observer of crinoidal stems. 
They are referred by Mr. Walcott to various kinds of fish and he 
has named several of them in accordance with this view. ThuH 
one of them has received the designation of Hoh^ptyrhiuH.* 
anicriaiiim ( preoccupied by Leidy many yeai*s iigo ). another that 
of Asfrroft'jH's / deniih rata, while a third is styled Pahirhiiinrrn 
p risen. 

These statements are of coui'se surprising to the palwntologist. 
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though he is fully prepared tx) see the earliest vertebrate life car- 
ried downward through the pala?oz()ic rocks far beyond where it 
is now known. But each step in the progress must be taken only 
after the most careful and thorough investigation and on the 
most satisfactory evidence. 

In regard to the stratigraphy. Mr. Walcott has apparently ex- 
amined the locality with great care, and has accumulated a large 
mass of evidence. Assuming the correctness of his ol)servations 
there apj^ears to be little room for doubting his conclusions. No 
ground exists for suspecting an overthrow or inversion of the 
strata, and some of the fossils as named by Mr. Walcott, though 
not exhibiteil, are of undoubted Ordovician ( lower Silurian) age. 
Such fossils, according to the author, are found l)oth al)Ove and 
l)elow the beds containing the supposed fish remains. It is not 
easy therefore, on the assumption of these facts, to impugn the 
accuracy of the stratigraphical conclusions.* 

But in regard to the palaeontology the evidence is less satis- 
f actor}'. There is no doubt that some of the specimens exceed- 
ingly resemble fish plates, as fish plates occur in the (^atskill rocks. 
But it is not to Catskill species that a likeness would be expected, 
but to others more nearly approaching in date the epoch in (pies- 
tion. Such species are those composing the genera PlfraspU, 
Cyathasjrin, Pahea/tpis, Dipfaspis, etc. , and to these the fossils 
exhibited by Mr. Walcott bear not the slightest resemblance. 
The plates above mentioned certainly simulate the scutes or 
scales of certain Devonian and later fishes. But we may strongly 
insist on the deceptive nature of such merely external characters 
and ask for other evidence, before accepting the ichthyic nature 
of the fossils. 

In this respect Mr. Walcott's paper was disappointing, inas- 
much as it contained no proof of his proposition that these 
plates are the remains of fish. We must, however, await the ap- 
pearance of his memoir before coming to a decision on the (pies- 
tion. But it would have l3een more satisfactory to the pala?- ich- 
thyologist had he learned at least the nature of the evidence. 



♦The palaeontologist will feel some surprise at finding llaly^itea catt- 
nuiatuM mentioned among this fauna. Though this species has been 
reported from the Lower Ilelderberg ( see p. 7 of the 2n(l. Geol. Sur. of 
Pa.) yet its occurrence so low as the Trenton is scarcely less* surprising 
than the presence of fish. 
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Mr Walcott's claim that his fossils though of Lower Silurian 
age yet resemble those of Upper Devonian strata, will doubtless 
be subjected to criticism, but the fact must be l)orne in mind that 
in several parts of the continent of Kurope the fish are distinctly 
Devonian in type, though the molluscan fauna indicates Upper 
Silurian age. This combination is of course very different from 
finding similar fossils in Lower Silurian strata, but may serve in 
a slight degree to lessen the incongruity. 

Microscopic examination was not reported. This lack is to 1k». 
regretted inasmuch as such evidence is really of the first import- 
ance. We hope that it will be supplied later. 

In addition to the plates already mentioned, Mr. Walcott ex- 
hibited certain crinoid-like objects which he believed to l>e noto- 
chordal or at least to indicate a spinal column. In our opinion, 
however, their appearance does not warrant such a reference, and 
the ichthyologist will feel grave doubts regarding the preservation 
of such objects from so low an horizon. Further examination 
will, we think, result in a change of opinion. 

Man and tiik Mammoth. 

Among the most interesting exhibits at the recent meeting of 
the International Geological Congress, was that of M. Max 
Ix>hest of Liege, Begium. Although unfortunately M. Lohest's 
pa|>er was crowded out, and conseciuently the meml)ers had not the 
advantage of hearing it, yet his photographs and pamphlet were ex- 
amined by several of those who combine arclueology with geology. 

M. Lohest's paper read b?fore the Anthroi)ological Con- 
gn»ss gives an account of his investigation of the grotto of Spy, 
neiir Lii^ge, on the property of the Count of Beauffort. In this* 
cav-i'rn M. Jjohest found under a thick bed of rubbish and fallen 
frajrments of limestone, three distinct ossiferous beds. The 
uppermost of these was in part stalagmitic, and contained a few 
l)ones of an undetermined species of deer, a bear's tooth, and 
some pieces of the bones of the mammoth. Beside these antl 
mingled with them were great numbers of fiint implements of 
various pitterns, some of them resembling the type known as 
^•Mou.sterian,'' from the cavern of that name, and others are like 
those found in the well known Kngis cave, in Belgium. Some 
are notched like saws and of ver^' thin and delicate workmanship. 
They consist of scrapers, points, blades, knives, etc., worked on 
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one face, some apparently intended to be set in handles and 
others not. 

No instruments of bone or of ivory were found in this upper 
layer and the flints are mostly covered with a white or bluish 
patina sometimes very thick. 

Under this stalagmitic layer was a second ossiferous bed, 
usually red from the presence of iron ore, many fragments of 
which were found. 

Here occurred the following fauna: 

Rhinoceros tichorhinus, abundant. 

EquuB caballus, ( horse ) very common. 

Su8 scrofa ( pig ). 
Cervus elephus ( red deer). 

** canadensis? ( elk). 

^ megaceros ( Irish elk). 

^ tarandus ( reindeer). 
Ovlsaries (sheep). 
Bos primigenius ( bison). 
Bos priscus (aurochs). . 

Elephus primigenius ( mammoth ) very abundant. 
Ursus speleeus ( cave bear ) scarce. 

Meles taxus ( badger). 
Canis vulpes ( fox). 
Canis lupus? (wolf) familaris? (dog). 
Mustela foioa ( weasel). 

Hyena speleea ( cave hyena) ver>' abundant. 

Fells speliea ( cave lion) a few teeth. 

Felis catturs ( cat). 

These determinations are due to M. Fraipont, professor of 
paheontolog}' at the University of Liege. 

Numerous hearths were also found on this layer composed of 
stones, and containing burnt wood and ashes. 

The materials used by the old inhabitants of this grotto were 
flint, phthanite, sandstone, chalcetlony, opal, ivory, bone and horn, 
and the total number of implements obtained was very large. 
There are 140 ** mousterian' points, most of them thick at the 
base and not intended for setting in handles, whose average dimen- 
sions are 4 inches long by 3 inches wide; a number of fine fiakes 
and awls, and arrows or dart heads, of very fine workmanship, 
and some of them 5 inches long, resembling in t3'pc the *'solu- 
trean** implements of the Dordogue, a single small core from 
which flakes have been taken, and numerous blocks rejected on 
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account of some defect after a flake or two had l)een struck off, 
and 300 scrapers of various sizes and types. 

Implements etc. , of ivory were more numerous in this layer 
than in any other known cave in Belgium. Chips were so abun- 
dant as to form a breccia in one place. The objects found were 
for the most part for dress or ornament, and the material had often 
degenerated into a chalky substance. Many of them were un- 
finished or the different stages of manufacture were revealed. 
Some of them were marked with striation as was also the ease 
with the implements of horn and of bone found with the ivorv. 
On a rib of the mammoth or rhinoceros was found a series of 
*' circumflex accents " ranged one above another, of which a figure 
is given in the pamphlet. One hollow horn was filled and stained 
with iron oxide, and is supposed by M. Lohest to have l)een a 
receptacle of this material for coloring the persons or the imple- 
ments of the cave men. These with four fragments of potten*, 
found by another investigator, complete the list of relics from the 
second ossiferous laver. 

The third contains a fauna so far jus it goes, identical with that 
of the second bed. 

KhiDOceros tichorhinus, abundant. 

Equus caballus, ver>' abundant. 

Cervus elephus, rare. 

C'ervus tarandus, very rare. 

Bos primigeDius, common. 

Elephus primigenlus, common. 

Ursus spehi'us, rare. 

Meles taxus, rare. 

Hyena spehvu, abundant. 

In this bed, however, were found as in the other, abundance of 
flint implements, but somewhat differing in form and material 
from those alK)ve mentioned. The great interest of this layer, and 
indeed of the whole find is the discovery not only of the works 
of man, but of man himself, in the form of two partial skeletons, 
one skull of which is nearly perfect. This of course forms the 
central i)oint of M. Lohests paper, and he justly gocis into detail 
concerning it. We will conden.se his account written by Dr. 
Frai|K)nt. 

^ The human relics belong to the most ancient fossil race, that of 
Neanderthal or of Canstadt. The skulls, fairly complete, present all the 
ethnic characters of that race, whose remains are known from France, 
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Italy, Austria, Germany and Sweden. Hitherto only a single jaw has 
4)een obtained from a cave ( NauleVe ) in Belgium/' 

One of these skulls is apparently that of an old woman, the other that 
•of a middle-aged man. They are both very thick. The former is clearly 
•dolichocephalic ( index 70), the other less so. Both have very promi- 
nent eyebrows and large orbits with low retreating foreheads, exces- 
sively so in the woman. The lower jaws are heavy, the older has almost 
no projecting chin. The teeth are large, and the last molar is as large 
4M the others. These points are characteristic of an inferior and the 
-oldest known race. 

The bones indicate, like those of Neanderthal and Naulette, small 
square shouldered individuals.'' 

M. Lohest adds : 

^ The skeletons from Spy are one of the most important discoveries 
relating to the oldest known race of men." ** The cave shows three 
ossiferous layers, and remains of the mammoth occur in all three.*' 
^ Stone implements chipped only on one face indicate the * mousterian ' 
type of industry." 

** The relics of the three layers indicate an advance in the character 
•of the workmanship." 

** The second layer by its association of chipped tools with ornaments 
of ivory and bone shows its close relationship t6 the * mousterian ' type, 
and at the same time is free from all suspicion of accidental mixture." 

"The study of the bones of the lowest level proves beyond doubt that 
the earliest race of men as yet known in Belgium, had a skull of the 
type of * Neanderthal ' and used instruments of the * mousterian ' pat- 
tern." 

In the above discover}' we have at last clear and indisputable 

traces of the men whom up to now we have known almost entirely 
by their tools. A few disjointed bones not free from suspicion, 
are now fortified by evidences that cannot be gainsaid, and the 
old Canstadt or Neanderthal race stands before us as an extinct 
but real ancestor. 



EEVIEW OF EECEXT GEOLOGICAL 

LITERATURE. 

Congre$ Geologique TrUernational, Compte rendu de la 4//ie Session. 
London, 1891. This volume, which appeared in America but a few days 
before the opening of the fifth session of the international jcongress, 
•consists of four parts and four appendixes. It has six geological maps and 
eighty figures ; also a plate of five profiles through the crystalline schists 
•of the western Alps. Part I. is a historical accoimt of the Congress and 
its origin. Part II. embraces the daily record of the meetings of the 
Ck>ngreB8. Part III. the most important and valuable, embodies the 
4U^ual new work which was transacted by the Session. Here are papers 
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on the crystalline schists by Hunt, Heim, Lory, Lehmann, L^yy, Lawson^ 
Powell, Irving, Chamberlln, Van Hise, Becker, Dutton, Lossen, and 
Reusch, followed by synopsis of the discussion on the same by many of 
the attending geologists. Following these are miscellaneous discussiona 
of the classification of the Cambrian-Silurian-Taconlc, or primordial 
rocks of the world, and of the Tertiary and Quaternary. Part IV em- 
braces extended papers on the geology of the different portions of the 
British islands by Hicks, Marr and Tiddeman, Strahan and Reid^ 
Fox-Strangways and Lamplugh, and Reid, and shorter notea 
by Topley, Drew, Goodchild, Blake, Woodward and Winward — 
all grouped under the general title ** Explication des Excursions.**' 
Appendix A consists of the report of the American Committee on classi- 
fication and nomenclature, the reporters being Frazer, Winchell, Wil- 
liams, Stevenson, Cook, Smith, Cope and Hitchcock. Appendix B is the 
report of the British sub-committees made to the third session of the 
Congress at Berlin in 1885, distributed at that time separately, but 
omitted from the Compte rendu of the session. It now appears as a 
" second edition," with an explanatory " review of the position " by T. 
McKenny Hughes, the separate reporters being Woodward, Reid, Gard- 
ner, Jukes- Browne, Topley, Huddleston, Blake, Irving, Morton, Strahaa 
and Marr. Appendix C is the report of Prof.'Dewalque, secretary of the 
international committee on unification of nomenclature, in which he says 
that no national committee, except that of the United States, had rendered 
any report to the general committee. He calls attention specially, and fa- 
vorably, to the recommendation of the American committee respecting the 
nomenclature of the lower paleozoic, viz: Taconic for the primordial^ 
Cafnbrian for the second fauna, and Silurian for the third fauna. At 
another time ( in the discussion of the classification of the Cambrian- 
Silurian-Taconic, p. 227,) Prof. Dewalque commends the conclusions of 
the American committee in the following terms: 

Les reunions pr<^c<5dentes du congr^8 et de la commission de nomencla- 
ture ont montr(^ qu* une tr^s-grande majority de g^ologues est favorable 
il une division en trois parties; on constate le meme fait aujourd^huL 
Pour ces parties on a propo8(? les noms Cambrien, Ordovicen et Silurien.. 
I/orateur ne pent ^tre consider^^ comme hostile il l^Ordovicen car il a 
eu rhonneur de le patronner dans la commission, qui l*a admis. Toute- 
fois, dans son rapport pour le congr&s de Berlin, il a cru devoir 
tenir compte des revendications produites en Am<^rique au sujet du 
Taconique de M. Emmons. Les controverses qui se sout produites 
depuis lors aux Etats-Unis auraient pu faire hesiter un g<^ologue comme 
Torateur, (^ui n' a jamais vu ce pays; mais la lecture du rapport du 
comit<^ Ani6ricain sufiit, t\ sos yeux, pour lever tous les doutes, et le nonn 
de Taconique a^pour lui la priorit(^ et a droit k d(^signer la division in> 
fCTieure. La division moyenne est le Cambrienne, la sup^rieure reste- 
Silurienne. Cela contrariera qiiehiues usages, mais cela a d*autres. 
mC'rites sur lesquels Torateur n'insiste pas. 

L'honorable M. Walcott acombattucette division,propo8^e parses com- 
patriotes; mais son argumentation ne parait pas irr<?futable. L'orateur- 



Rev^ieic of Recent Geological Literature. 1S5 

admet volontlers que M. Walcott ait d<^couvert une riche 8<^rie de fossiles 
de la faune seconde sur certains points du territoire appel^ Taconiqiie, 
mais ce progr<^ dans nos connaissances ne pent avoir d'intluence sur la 
question. Ce q'ii faut savoir, c^est la position r^elle du Taconique 
d^Emmons. Or, il semble incontestable que c'est une s<''rie H faune 
primordiale. Si ce nom doit Otre con8erv^% il ne pent Otre appliqu^^ qu* 
Ace que Ton proposait d'appeler Cambrien. II faut le conserver parce 
qu*il a la prlorltC*. L'orateur ajoute volontiers qu' il sera charmC* de voir 
rendre cet hommage A la g<^ologie Americaine, laquelle nous a appris 
tant de choses sur le grand ensemble de couches dont nous cherchons 
la meilleure classification/* 

Appendix D contains lists of the members of the congress. 

Mfnozinc and Cenozoie formationH ofeiimteni Virginia and Maryland. By 
N. H. Darton, U. S. Geological Survey. Bull., G. S. A., vol. il, pp. 431- 
450, with a map and sections; April 14. 1801. The formations here 
described, successively separatad from each other by erosion intervals, 
Are the Potomac, of late Jurassic or early Cretaceous age; the Severn, of 
later Cretaceous age, being the southern extension of the New Jersey 
greensand series; the Pamunkey, of Eocene age; the Chesapeake, be- 
longing to the Miocene period; the Appomattox, referred provisionally to 
the Pliocene; and the Columbia, regarded as early Pleistocene. 
It is ascertained that the transverse depressions of the coastal 
plain region were first excavated during the interval between the 
Chesapeake and Appomattox formations; for the earlier members of 
the series bear no marks of transverse drainage. At a later date, the 
Appomattox and Columbia formations were separated by an epoch of 
great uplift and erosion. ^This epoch,** according to Mr. Darton *8 
observations, "differed from Its base-leveling predecessors by greater rela- 
tive emergence and consequent stream-action which developed the greater 
part of the present physiography of the region. This erosion deepened 
and greatly widened the transverse drainage depressions, and trenched 
the side drainage depressions, cut into the edges of the terraces to an 
extent gradually increasing northward fromNorth Carolina, and in north- 
em Maryland resulting In the removal of wide areas of the coastal plain 
formations, especially he Chesapeake and Appomattox." 

On thf Tnannir of 3faifmrhn0fttM. By Benjamin K*. Exrrson. Bull., 
<}. S. A., vol. II, pp. 451-456, with a map; April 28, 1891. Marine currents 
probably produced by tides of the bay of Fundy type, are shown to have 
iibtributed arkose from south to north, derived from the granites and 
achists along the west side of the Trlasslc bay or estuar>' in Massachu- 
setts; and on the east a strong ebb current spread a coarse conglomerate, 
transporting its materials from north to south. In more (|uiet water 
along the central part of the baHln, sandstones and shells were deposited. 
An artesian boring at Northampton [msses through the arkose to a depth 
of 3,000 feet. Professor Emerson finds evidence of mour>rlitial faultiuif 
with upthrows on the east side of the faults, like the ntructure discovered 
bv Davis In the continuation of this Imsln in C'onuectirut. 
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GUieinl yr(h}teM at the »oHih4;rii nutrgin of the Drift, By P. Max Foshat 
and Richard R. Hrcs, Bull., G. S. A., vol. ii» pp. 457-464, with a plate- 
and one figure in the text; April 27, 1891. This interesting paper des- 
cribes the terminal moraine, kames, terraces, potholes, and glaciated 
rock surfaces near the drift margin, in the valley of Beaver river, north- 
western Pennsylvania. Powerful glacial erosion is shown two miles or 
more south of the terminal moraine mapped by Lewis and Wright, upoa 
the area of **the fringe'' of frequent boulders, which extends some miles 
in front of the moraine in this neighoohood. 

Po«t-pleiHtoceHe subMeiire cernu^ glnrial daitin. B/ J. W. SPBNCER. 
Bull., O. S. A., vol. li, pp. 465-476, with a map; April 80, 1891. Shortly 
before the deposition of the glacial drift, there is shown to have been an 
elevation of the drift-bearing areas over 8,000 feet higher than now, and 
probably for a brief time to over 5,000 feet. Succeeding this uplift, the 
author believes that a subsidence of the land carried it so far beneath, 
the sea level that the now raised beach fines partially surrounding the 
great lakes of the St. Lawrence were shores of the ocean. Recent 
emergence of the land, according to this view, is recorded by the suc- 
cession of these beaches at different levels; and the alternative explana- 
tion which attributes the beaches to glacial lakes of fresh water dammed 
by a receding ice-sheet is disputed. A reprint of this paper, with slight 
changes appeared in the June number of the Geological Magazine. 

iht the ih'ology of Qutf}ec mui enn'roiiH. By Henry M. Ami, of th«^ Geo- 
logical survey of Canada. Bull. G. S. A., vol. ii, pp. 477-502, with seven 
sections; April 80, 1891. The intricate and much debated structure and 
relations of the Cambro-Silurian terranes of Quebec and its vicinity are 
here carefully discussed, with lists of the fossils collected in numerous 
localities by the author and others. Mr. Ami advocates the retention of 
the name Quebec group, and considers the group to comprise three 
natural and well-marked parts, lying next below the Trentbn limestone 
in the following descending order: The Quebec, or upper division; the 
h^vis or middle division: and the Sillery or lower division. The rocks 
thus grouped are referred by Selwyn to the Hudson-Utica horizon above, 
instead of below, the Trenton. 

Some Nftc Sperien' of ('rirnnih and BlatttoiiU. By Prop. R. R. Rowley 
and Sid. J. Hare. In Tfw Kafisas City Scientht for August 1891, we 
have what is practically a continuation of the paper on Some Xeit ASpecies 
of Eehinodermata l)y the same authors in the same magazine for July. 
The present paper contains descriptions of twelve new species, all of 
which are illustrated by figures drawn by professor Rowley. 

Adcanee nheettt from the 17th Report of the (reologieiil Sarcey of the State 
of fndiono^ Prof. S. S. Gorby, State Geologist PaUfontology, By S. 
A. Miller. Mr. Miller's contribution to the 17th Report of the Geologi- 
cal survey of Indiana, embraces 95 pages of text, and 20 plates with ap- 
propriate deHcriptions. 180 species of fossils are described, and of these 
126 are new. The paper ojiens with remarks on the geologic formations 
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of Indiana. The lower part of the Niagara group, in Indiana, is char- 
acterized by the presence of the remains of cystideans; while the upper 
part abounds with crinoids, brachiopods, br}'ozoa and other fossiis.'* 
Most of the cystideans belong to the very variable genus Holorystites. 
It is stated as a fact worthy of note that half of all the species of cysti- 
deans iLnown from America occur in the Hudson River and Niagara 
groups of Indiana. There are remarlcs on the scientific value of fossils 
and on rules for nomenclature. 

Of the fossils described there are three species of sponges, and from the 
bead lines it would appear that Mr. Miller stands with Saville-Kent, in op 
position to the views of a majority of competent zoologists, in referring 
sponges to the sub-lcingdom Protozoa. There are twelve species of 
«orals, one of which, the I^ptopora gorbyi^ n. s., is doubtfully referred 
to the Tabulata. Seventy-eight species belong to the Echinodermnta , 
mostly cystideans and crinoids. Of the genus Holoci/stites alone 
there are fifteen species. 

Among the echinodermata the following new genera are proposed: — 
StrihitlfPcyBtite*^ Zophocrinn^ and BlnirocrinuH. Among sponges there is 
one new genus, Cyelo»ponfjia. 

The remaining genera and species embrace a few species of brachiop- 
oda, one Conularia and a number of mollusca. The Plctirotomaria harii^ 
page 83, Plate XIV., Figs. 3 and 4, might properly and profitably have 
been compared with /'. mrhonaria^ N. and P., and P. nritp*trtenttiH White. 
Ser.ond Annual Report of the (reological Surcey of Texai*^ tSiH)^ E. T. 
DuMBLK, F. G. S. A. State Geologist. (■arhonifermiH Cephalopoda. By 
Alpheu^ Hyatt. The paper on Carboniferous cephalopoils by professor 
Hyatt embraces pages 329 to 356 inclusive, in the Second Annual Report 
of the Geological Survey of Texas. The forms described were collected 
in part by the Geological Survey of Texas, part belong to the National 
Museum, and a few belong to private individuals whose names are 
given in connection with the specific descriptions. The genera represen- 
ted are divided between the yautiloiden and Honiatitino'. To the first 
group belong Temn*tcheilu»^ represented by five species; Metaeorcras^ by 
five species; 7\itnoc^ra«f one species; Domatoceras, a new genus to which 
is referred one species; Atiymtoceras^ one species; Pharoreran^ one; 
Kphippioeeran^ one; and Endolthu^^ one. To the Goniatitinte belongs the 
genus Gnstriorerns which is represented by the new species G. rompre^- 
«»//ii. As stated in the prefactory note the paper comprisesa larger num- 
ber of species of Carbon if erus cephalopoda than had previously been 
Kot together in a single publication. Excellent outline figures ac- 
company the descriptions. 

In the Sceoml Annual Report of the (re^tloyUal Surrey of Texam^ page 552, 
professor W. F. Cummins describes a very beautiful and interesting little 
ooral from the Carboniferous strata of Texas, imder the name, Iladro- 
jihyllum aplatus. II, aplntun is certainly ver}' closely related generically to 
-Mirr*^ydu* dturus Meek and Worthen, and it is possible that this last 
species will have to be referred to Httdvophylhim. Six good figures 
illustrate Prof. Cummins* species. 
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LIST OF RECENT PUBLICATIONS. 

T". Foreign Publications, 

Records of the Geological Survey of New South Wales, Vol. II, Part 
8, contains: Notes on a Collection of Rocks and Minerals, from Mount 
Morgan, near Rockhampton, Queensland, collected by Mr. C. 8. Wilkin- 
soB, by T. W. Edgeworth David, and William Anderson. With an intro- 
duction by C. S. Wilkinson. Laboratory Notes on some N. S. Wales 
Minerals, by J. C. H. Mingaye. On the Occurrence of Microscopic 
Fungi, allied to tlie Genus Pahpachlya Duncan, in the Per mo-Carbonif- 
erous Rocks of N. S. Wales and Queensland, with Plate VII, by R. 
Etheridge, Junr. The Associated Minerals and Volatility of Gold, by T. 
W. Edgeworth David, B. A. Analysis of Samples of Coal and Coke, 
manufactured from the various Coke-producing Coals in the Northern, 
Southern, and Western Coal Districts of N. S. Wales, by J. C. H. Min- 
gaye. Note on Mr. J. C. H. Mingaye's Analysis of N. S. Wales Coals and 
Cokes, by T. W. Edgeworth David. Lepidodendron atuttraU M'Coy — Its 
Synonyms and Range in Eastern Australia, by R. Etheridge, Junr. 

Eclogii' geologicjv Helvetia*, Vol. II, No. 4, contains: Revue geologe- 
que Suisse ponr 1890, Favre et Schardt; Programme des Excursions 
d'aout 1891 dans les Prealpes romandes, avec pi. 9-12. 

Mittheil. d. Naturforsch. Gesell. in Bern, contains: Notizen nber den 
Lias von Lyme Regis, J. B. Thiessing. 

Annalen K. K. nat. Hof museums. Band VI, No. 2, contains: Meteor- 
eisen-Studien, Cohen u. Weinschenk; Die Gasteropoden derSchichten 
von St. Cassian der stldalpinen Trias, Kittl; Ueber Nephrit utfd Jadeit- 
gegensUlnde aus Centralasien, Haberlandt. 

Fold. Koz. (Budapest), Vol. XXI, Nos. 4 and 5, contains: Awaruit. ein 
nickeleisen-mineral, Szabo; Beitrage zur Foraminiferen-fauna der 
Alttertiftren Schichten von Kis-Gyor, Kocsis. 



CORRESPONDEXCE. 



The ho-called sand-dunes of East Hampton, L. I.— In a letter re- 
ceived from Geo. R. Howells, of South Hampton, of date January 21 , 
1886, my attention was called to certain sand ridges at East Hampton, 
L. I. The writer said: " Were you aware, I wonder, of the existence of 
two sand dunes, like small amphitheaters in form, right along, or in the 
midst of the richest farm lands a mile from the present shore line — per- 
haps not ({uite a mile- -In the outskirts of East Hampton? These are 
veritable sand dunes of whitt* sand covered with a growth of ordinary 
beach grass, and a geological puzzle. If we could say they were de- 
posite<i there by a cyclone, it would shorten matters, but we can't, and 
there is a difficulty in holding; that they are signs of an old beach line. 
It is with me a standing puzzle." 
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The study of the drift phenomena, on the west end of the island led 
me to suspect that the sand dunes in question were formed by subglacial 
streams issuing from the front of the ice-sheet that stretched along the 
Atlantic border during the Ice Age. It was not until last July, however, 
that I had an opportunity of visiting the place in person, and it was 
^gratifyiog to find my conjecture confirmed by actual observation. The 
sand dunes referred to are really kame formations. This can be seen at 
a glance by any one familiar with glacial phenomena. Similar formations 
occur along the whole extent of the south side of the Island; but in 
general they are not quite as well defined as those at East Hampton. 
The 80'Called sea beaches in front of our bays, as at Rockaway, Great 
South beach, etc., are the same in origin. This hardly seems possible, 
but the mor^ this phenomenon is examined the more evident the fact 
becomes. There is a beautiful system about these beach or kame 
formations, and their study had led me to suspect, some years ago, that 
the system extended for miles beneath the waters of the sea, and it was 
very gratifying to find this view partially confirmed by Prof. Agassiz. 
In his Life and Correspondence, edited by his wife, page 448, in a letter 
to Elie DeBeaumont, he says: ** Mr. Dezor recognized all the modifica- 
tions of the osars of Scandinavia. The deposition of the osars, as seen 
here, is evidently due entirely to the action of the waves, and their 
frequency along the coast is a proof of this. In a late excursion with 
captain Davis, on board a government vessel, / learned to vnder»tand the 
made of formation of the »iibmarine diken bordering the roant at various dith 
Janeetty irhieh would he OMrit were tliey elevated ^ The italics are our own, 
as the statement seems to confirm what I had conjectured, but I think 
Prof. Agaasiz is in error in regard to their origin. Prof. G. F. Wright 
and others who have studied these kame -deltas along the southern front 
of the terminal moraine, in New England, as well as in Long Island, could 
see that these formations — osars— as Prof. Agassiz calls them, are not 
the result of wave action, but are due to subglacial currents issuing 
from the front of the glacier. At Montauk, for a distance of some 
twelve miles, the waves of the ocean break directly upon the base of 
the ridge or terminal moraine. At this point the whole south side of the 
Island has become submerged, and we can readily imagine what the 
floor of the ocean is like some distance from the present shore line. 
The sea is evidently gaining on the land along the whole extent of the 
Island, and it is only a question of time when the whole plain, south of 
the central ridge, will be washed away, unless something is done to 
check the inroads of the sea. If this invasion of old ocean has been 
going on for the past ten thousand years, the south side of the Island must 
have been at one time much more extensive. There is evidence to show 
that at South Hampton, two hundred years ago, the shore line was at 
least half a mile farther south. At the same rate of erosion four hun- 
dred years would bring the waters of the sea over the so-called sand 
•dimes at East Hampton, and these osars or kame-doltas would become 
the submarine dikes referred to by Prof. Agassiz. It is true that the 
^aves of the sea would somewhat modify the contour of the plain in 
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the process of submergence, but there is do doubt but that the same sys- 
tem of ups and downs would exist as now characterizes the south side of 
the Island. 

There may be some other explanation found for the formation of the 
beaches at East Hampton, but as I stood on their summits and looked 
northward/the old lines of drainage from the moraine to the sea were 
plainly traceable, and I am very confident that they are glacial in origin. 

The study is full of interest, as much so as the coral formations of 
tropical shores, as remarked by Prof. 8haler, and many problems con- 
nected with it remain to be solved. Future discoveries, I think will 
prove that oscillation has had little to do with the formation of either. 

Eantport^ A. /., Any nut ,% 1H91. JoiiN Bryson. 

Vifjo nmge of Nintnufmi. I have just arrived here from an examina- 
tion of the 18 mile long volcanic mass, Vitjo—m front or north of this 
town— and found at a distance of about three leagues from the south 
base of its cones, tifty-six large springs of water issuing from fissures^ 
all along the south side, at elevations of 40 to 80 feet above the Pacific 
ocean; also one spring of cool water flowing from a small clay-bottom 
basin, at an altitude of about 4,000 feet above the ocean, the highest 
cone, except one toward the west, which is 5,670 feet above the ocean. 

On the north side of the cerro are several ( 8 or 10 ) large springs of 
tepid water, two of which contain so large a percentum of CaCO, as to 
have deposited hundreds of thousands of tons of calcareous tufas — 
nearly pure — C to 18 inches thick. In many places in this tufa the lime 
has substituted organic matter in perfection so as to display the most 
delicate venation of leaves, molds of annelids and insects, the tissues of 
trees, etc. These springs on the north side of the volcanic mass, flow 
into a tide-water estu<iry which extends for about 70 miles eastwardly 
from the gulf of Fonseca and " heads '' at several springs of hot water, 
at the X. E. base of the cerro, in a valley which extends for about 20- 
miles eastward to lake Managua. I have drafted the skeleton for a 
paper descriptive of this volcanic cerro. .J, Crawford. 



PERSONAL AND SCIENTIFIC NEWS. 



The Kansas City Scientist for July. 18in, has a paper de- 
scribing S(nn*' new sfurifs of Kvhinmh'nnatn^ by Prof. R. R. 
Rowley and Sid. J. Hare. A plate containing twenty figures 
drawn by Prof. Rowley accompanies the paper. Fifteen new- 
species are described. The despairing palieontologist is disposed 
to ask bow many more new species of crinoids the Sulx?arlK)nifer- 
ous strdta of the Mississippi valley are going to furnish! 

The Tniversity of Iowa has received from Prof. C. A. Whit- 
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ing, of the University of Deseret, a cast of a slab containing some 
undescribed footprints. The slab was first used as a door-step 
by a citizen of Salt Lake City. While serving '* such base uses " 
it was discovered by Dr. John R. Park, president of the Univer- 
sity of Deseret and secured for the University museum. The 
casts were made by Prof. Ward, of Rochester. The tracks are 
three inches long and about three inches wide. There is in each 
the impression of three stout, clumsy toes, behind which is the 
imprint of a thick, well developed pad. The impressions of the 
fore and hind feet do not coincide, nor do the}' overlap to any 
appreciable extent. The stride of the animal was about eighteen 
inches. 

So far as learned from Prof. Whiting no description of the 
tracks has been published. The relations of the animal, and the 
geological horizon from which the slab was obtained have not 
l)een determine<l. 

In the Annals and Magazine of Natural History for July, 
1891, Dr. P. Herl)ertCarpenter has a somewhat caustic review of S. 
A. Miller's Deacn'pfion of some Loire r (Wrhoni/erous Crinoida from 
AfhKotin\ published by the Geological Survey of Missouri, 
and Miller and (rurley's Deacripfutii of some new Genent and 
species of Echiuodermntd fnnti the Coal Mensures ond Siihcnrhon- 
tferous Rocks of Indiana, Missouri^ ami Jowa, published at Dan- 
ville, 111. The papers referred to contain descriptions of six 
new genera and over ninety new species of Crinoids. In sum- 
ming up his review Dr. Carpenter expresses himself thus severely : 
*' Three at least, and probably four, of his [S. A. Miller's] last 
six new genera of Crinoids would never have been propose<l had 
he taken the trouble to make himself properly acquainted with 
the bibliography of his subject; and I suspect that quite half of 
his ninety new species will prove to be synonyms when they come 
to l>e revised. 

Careless and ill-informe<l authors of this class are the terror of 
systematists in all branches of biology. Their sole object seems 
to l)e the association of their names with as many » new species ' 
as possible, and one's first impulse on seeing ' A Description of 
Some New Genera and Species, ' etc. , is to parody * The Bogie 
Man,' and say with bated breath, 

* Hush! Hush! Hush! Here comes the species man.' " 

Dr. J. KosT IN HIS PRELIMINARY SURVEY OF FLORIDA discov- 
ered in the channel of the Ichetucknee river, the remains of six 
mastodons, an elephant, one camel, and teeth of two species of 
rhinoceros, with many l)ones of animals still living, in a higher 
deposit. Two of the mastodon skeletons are nearly perfecjt. At 
Heidelberg University, Tiffin, ()., the Polytochiiic Department is 
engaged in making plaster of Paris restorations of these and of 
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all other extinct life types available, and will furnish them to in- 
stitutions at not over one-fourth the cost of originals. 

American Association for the Advancement of Science. Of the 
many papers read in the geological section during the late meeting at 
Washington, not all can be specially noticed. 

Dr. Foote, of Philadelphia, gave an account of the discovery of dia- 
monds in a meteorite from Arizona. In slicing the meteorite something 
hard was struck that destroyed the corundum wheel, and was only 
cut with great trouble. On examination of the layers a nest of small 
black diamonds was discovered, and the mineral recognized by its in- 
tense hardness. A very small and clear crystal was also found, but was 
lost during the operation. This, said Dr. Foote, was the first example of 
the occurrence of diamonds in an iron meteorite, though it had been 
twice reported from stony ones in Russia. 

Mr. Wm. Hallock related to the section the storj' of the deep boring 
now in progress at Wheeling. It was begun in the hope of finding gas 
or oil, but when the depth of 4,500 feet had been reached without any 
success, the projector determined to abandon it and an order was given 
to that effect. Prof. I. C. White, of Morgantown. W. Va., hearing of this 
order and realizing the importance of the opportunity, set off immedi- 
ately for Wheeling, and obtained a countermand only just in time, as 
the contractor had already begun to draw the casing. He persuaded 
the owners to give up the well, which was entirely dry, for the purpose 
of scientific experiment. This they did and generously offered to con- 
tribute the amount needed to deepen the hole to 5,000 feet. The U. S. 
government then agreed to furnish a new cable, and as soon as this has 
been received the work will recommence. 

According to experiments already made with the thermometer, appar- 
ently with all due precautions, the result is new and unexpected. A rate 
was obtained below the 100 foot plane of 1 in 90 feet, increasing down- 
ward till at the bottom it amounted to 1° in 60 feet. As this contradicts 
nearly all the data obtained elsewhere it is more probable that some 
local cause of error or some exceptional condition prevails at the well, 
at least in its upper part, for the lower figures do not differ much from 
those obtained elsewhere. 

Prof. Lester F. Ward read two valuable papers on the plant life of the 
Trias and the correlation of strata by vegetable fossils. He showed that 
our knowledge of these organisms has been until lately, and is indeed 
even now to a less degree, too imperfect to allow of their use in the cor- 
relation of strata, but maintained that as the gaps in fossil botany are 
filled they will become available for the purpose in the same way as are 
now the remains of animals. He illustrated his point by tables showing 
the distribution of plants in the richer floras, especially in the Carlx)nlf- 
erous and Mesozoic. He further dwelt on the identity and dissimilai- 
ity of the fossil plants found in the American Triassic basins, and ex- 
hibited.tables giving? the number of species peculiar and common to 
ea<*h. In conclusion Prof. Ward pointed out a few of the conclusions 
that could be deduced from the facts given. 
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Prof. Saflord exhibited some bones of Megalonyx, lately found 
in Big Bone cave, Tenn. These he believed to be complementary 
to those described many years ago from the same place, by the 
late Dr. Leidy. Some of these, as in the former case, retained 
portions of cartilage indicating no very ancient date. In the 
account of this animal recently given in the pages of the Geol- 
ogist, it was stated that the pelvis of Megalonyx was unknown. 
As Prof. 8afford*6 specimens showed the two iliac bones and a small 
part of one pubis the above statement is no longer true. 

Considerable discussion took place on the existence of the ** Cincin- 
nati ice-dam,'' but little progress was made in settling this vexed ques- 
tion. In this connection we may notice another topic on which consid- 
erable difference of opinion was manifested, namely, the attitude of the 
continent during the Pleistocene era. The extreme party on one side 
advocated an elevation of 8,000 feet, and hinted that twice as much was 
possible, while the other party could see cause and evidence for no 
changes of level so great Testimony on this subject is coming gradu- 
ally to light, and the Pleistocene is assuming a more and more complex 
character and history from day to day. Some deep borings, for example, 
one at Rochester, N. Y., and one at New Portage, near Akron, were de- 
scribed, the former by Prof. Faitchild, and the latter by Prof. Claypole. 
Mr. Van Hise presented a paper on the relations of the Algonkian and 
Archiean in the Northwest, and Capt. Shufeldt one on the avifauna of 
Oregon, giving an account of some very large fossil birds. * 

Several other papers of considerable interest by various authors, con- 
cluded an interesting and useful, though not an eventful meeting. 

Geological Society of America. Following the Association 
or rather imbedded in it came the meeting of the Geological 
Society of America. A new and large detachment of American 
geologists mustered to reinforce those previously present and 
work began again with new energy but in a slightly different 
direction. Numerous foreign geologists also l)egan to arrive for 
the Congress that was to meet in a day or two and great confusion 
of tongues prevailed in the halls and corridors. A ver}' agreeable 
feature of these gatherings is the opportunity which they afford 
of seeing the faces and feeling the handgrasp of men with whom 
correspondence and community of employment have long made 
manv familiar. 

A wezy fitting commencement of the proceedings was the read- 
ing of a memorial of the late president of the society by his 
brother, Prof. N. H. Winchell. This presented to the meml)ers 
an excellent sketch of the life and works of one of the most emi- 
nent geologists of this countr}% who did much to jK)pularize the 
science among teachers and in the general community. 

A very valuable and closely condensed accouot of the geology of S. 
America was presented by Or. Gustaf Steinmann of the University of 
Freiburg, Germany. In it was brought out the fact that the well recog- 
nized Glo$$opt€n$ flora of Australia, etc., also occurred in S. America^ 
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80 that the land over which this flora extended was wide enough to in- 
clude S. America. This gives a Mesozoic cast to the fossil Carbonif- 
erous flora of the greater part of the southern hemisphere and probably 
to some parts of the northern and indicates apparently, as Prof. L. F. 
Ward pointed out, that in or after the Permian period of glaciation the 
old cryptogamic and coniferous flora yielded to its more adaptive 
successor and retreated to the northward where it held its ground for 
awhile. 

The Carboniferous of S. America is in many places, said the speaker, 
covered with marine Liassic beds, often conformable and containing 
genera such as those of Europe. And the whole Mesozoic series la inter- 
calated with immense masses of volcanic material. 

Dr. August Rothpletz of the University of Munich, read an able paper 
on the Mesozoic formation at the £. Indian islands, Timor and Rotti. 
A rich CarlK>niferous flora is found there also characterized by 
Glossopteris, and the speaker indicated that the southern area had 
been long isolated from the northern so that passage either way was 
not possible. 

Mr. A. Harker, of Cambridge, England, read a learned but technical 
paper on thermometamorphism in igneous rocks. 

Prof. L. F. Ward presented a paper on the relations of the fossil plants 
of the Triassic in America, In which he pointed out with the aid of tables 
the nature of species peculiar and common to the different Triassic basins 
not known In this country. 

Mr. Joseph F. James gave a summary of the literature and history of 
Seolithus pointing out Its little value In the classification of rocks and 
suggested that the species should be named from their horizon 
rather than the horizon from the species. 

A paper by Mr. R. A. F. Penrose, on the Tertlar}' Iron ores of Ark. and 
Texas., gave the physical and stratigraphlc details of their occurrence. 
Mr. Hay described some '^sandstone dykes*' in northwestern NebrasluL 

The evening was at first given to two papers on orographic geology. 
The first was read by Mr. Cadell of Edinburgh on some experimental 
reproductions of Scottish mountain structures and the second by Mr. 
Bailey Willis on the mechanics of Appalachian mountain structnre. 
Both were Illustrated by lantern views and were Intended to show the 
production of faults and thrust-planes in strata under tangential com- 
pression. 

A series of beautiful and very Instructive views of the Mulr glacier in 
Alaska by Mr. Cushing dosed the evening. These were shown by the 
lime light and formed a marked feature of the meeting to all who saw 
them. M. Cushing^s estimate, It may be remarked, of the rate of motion 
of the glacier reduces the figures of F^of. Wright from 70 feet per day to 
7 feet and even to less, and he also stated that It had retreated a full half 
mile In the four years since Prof. Wright's visit. 

On Tuesday morning Dr. Fredrlch Schmidt, of the Academy of 
Science, St. Petersburgh, read a paper on the Eurypterus beds of Oesel 
compared with those of X. America. 
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The Baron de Geer, of Stockholm, gave aa interesting and valuable 
account of the Quaternary changes of level in Sweden which elicited 
several remarks on their resemblance to contemporaneous changes 
in this country. He instanced several extensive oscillations be- 
fore, during or after the Gracia) era, during some of which great 
part of the country was below the sea and other parts reduced 
to the form of islands. Prof. Krassnof discussed the **black earth*' of 
southern Russia, and its resemblance tu the soils of the American 
prairies. This elicited a discussion on the complexity of the problem of 
these soils, and the morning session closed with a short paper read in 
French by Prof. Stefanescu, of the University of Bucharest, on the 
occurrence of Dinotherium in Rou mania. 

Pres. T. C. Chamberlin in the afternoon summarized the stan'ding of sev- 
eral of the theories which have been suggested to explain the occurrence 
of the Ice age. After stating that the hypothesis of Croll now fails to 
account for the phenomena, at least on this continent, he hastily sketched 
the theory of elevation as the cause of the cold, and offered as in his 
view most probable a change of the axis of the earth's rotation. In the 
discussion that followed some opposition was developed and it was 
apparent that the geologists present were far from agreement on the 
aubject, a result that might have been anticipated. 

The society was divided into two sections in order to render the com- 
pletion of the program possible. Papers on the drift and kindred 
subjects were read in one room and the rest in another. Mr. R. D 
Salisbury mentioned the occurrence of the preglacial Orange sand 
of the Mississippi in Illinois and Indiana and at levels considerably above 
the present river, indicating the attitude of the country at that time. 
He also stated the occurrence of an older drift outside the so-called 
terminal moraine in New Jersey and referable to the earliest drift of 
which we have any knowledge. Mr. S. suggested further that though 
we are accustomed to speak of two glacial eras, yet there may have been 
three, the earliest of which is represented by the deposits which 
he described, the second by the silt layer and the third by the mo- 
raine. 

Petrographical papers were presented by Mr.J.F. Kemp and Mr.O.A. 
Derby. Mr. R- T. Hill contributed one on tne geology of Texas and New 
Mexico and Mr. Winslow another on the condition of deposition of the 
Missouri Coal Measures. 

Prof. Safford exhibited some interesting specimens consisting of the 
bones of a Megalonyx, from Big Bone lick, Ky. These he considered 
to be the remidnder of the skeleton of the animal discovered by Leidy 
in his *'Contribution8." Like those some of them showed the remains of 
cartilage indicating no excessively ancient date. 

In a short address Prof. E. W. Claypole related the discovery of a deep 
preglacial channel previously unsuspected. It is about tive miles from 
Akron^ O. The auger went down nearly 400 feet before the rock was 
reached showing that at this point the old river bed was cut down to 
the level of lake Erie though 40 miles distant. 
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The society is now in the third year of its existence and numbers more 
than 200 members scattered over the country from the Atlantic to the 
Pacific. Two volumes of transactions have been published embodying 
the results of researches in almost every field of geology. They may be 
obtained from the secretary. Prof. H. S. Fairchild^ of Rochester, N- Y.^ 
to whom also should be addressed all applications for membership. 

A SPECIAL PARTY will study the Pleistocene of the southern 
coastal plain from Alabama to Mexico, leaving Washington im- 
mediately after the adjournment of the International Congress of 
Geologists. The party embraces the following: W. J. McGee^ 
E. W. Hilgard, Eugene Smith, J. A. Holmes, Lester F. Ward 
and Robert T. Hill. Subsequently the relations of the ** Trinity ' 
of Texas, and the ** Potomac" of Virginia, will be investigated 
in the field by Messrs. Ward and Hill. 

Op the ninety foreign delegates to the International Con- 
gress of Geologists present at the Washington session, sixty- 
three participated in the western excursion to the Yellowstone 
Park and the Rocky mountains. 

At the Meeting of the Committee of Organization of the 
National Association of Government Geologists, Saturday even 
ing, August 29, the secretar^^ Mr. Arthur Winslow, was instructed 
to draft a Constitution and By-Laws, to be submitted to the com- 
mittee at a meeting to be called in connection with the Annual 
meeting of the Geological Society in December next. 

The secretary was further requested to notif}' all State Geolo- 
gists of this movement towards organization, and to invite them 
to be present at the next meeting. 

Prof. O. C. Marsh has crossed the Rocky Mountains 
twenty-seven times, in quest of fossil vertebrate skeletons, first 
in 1868, and remarked that he hopes to cross them as many times 
more. 

Prof. E. IL Barbour, Grinnell, Iowa, has accepted the pro- 
fessorship of geology in the State University of Nebraska, at 
Lincoln. 

Dr. Theo. B. Comstock, of the Texas Geological Survey, 
has been appointed director of the School of Mines, Tucson, Ari- 
zona. 

The basin of Itasca lake, which flows northward and is en- 
closed on all other sides by morainic accumulations, was formerly 
filled by a lake of much larger dimensions. Mr. J. V. Brower, 
in his oliicial report on the new lUisca park, established by the 
last session of the Minnesota Legislature, describes the valley, 
and proposes for the extinct lake, which doubtless subsided to 
the dimensions of the present lake on the withdrawal of the ice 
of the Glacial epoch from the region, the name **lake Upham," 
in recognition of the efficient work of Mr. Upham on the glacial 
geology of the state. 
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BEECHERELLA A NEW GENUS OF LOWER HELD- 

ERBERG OSTRACODA. 

By E. O. Ulrich, New-port, Ky. 

About the beginning of this year I was greatly pleased at re- 
ceiving from Dr. C. E. Beecher, of New Haven, Conn., a not 
only bountiful but an exquisitely preserved lot of Lower Helder- 
berg Ostracoda ; and in a few days thereafter another series of the 
same, scarcely less extensive and excellent, from my well-tried 
friend, Mr. Charles Schuchert. To both of these esteemed gentle- 
men I am under the greatest obligations because of their untiring 
efforts to aid me in mv studies of these minute fossils. The 
extreme liberality with which they have supplied me with spec- 
imens, the picking out of which has doubtless consumed much of 
their time, is conclusive evidence of an unselfish desire to advance 
science that is as unusual as it is commendable. 

These Lower Helderberg specimens are all silicified and have, 
by the judicious use of acids, been freed from the hard, stony matrix 
that originally enclosed them. They are, therefore, unusually 
perfect in their preservation, and exceptionally adapted for 
detailed study. In these respects they are but little, if at all, 
inferior to the beautiful things washed out of the Falls of the 
Ohio **Br}'ozoa l>ed," some of which I described lately (Jour. 
Cin. Soc. Nat. Hist. Vol. XIII, 1890-91). 

In the '' introduction ' to that paper I made some remarks on 
the distribution of the known American paleozoic Ostracoda, 
stating also that numerous forms may be looked for in our Upi>er 
Silurian and Carboniferous deposits. The truth of this predic- 
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tion, in the first case at least, has received almost startling confir- 
mation by these discoveries of Dr. Beecher and Mr. Schuchert ; 
and in the second case a good beginning has been made by Dr. 
Herman Herzer, who recently sent me a quantity of shales and 
limestones, from the Coal Measures of Ohio, that are largely 
composed of the shells of Ostracoda. 

In the present paper I am obliged to restrict my observations to 
a small but very remarkable group of species, not represented, 
so far as we know, outside of the Lower Helderberg rocks of 
New York. They seem clearly to indicate a new genus that I 
propose naming Beecherelhi, in recognition of the discoverer's 
paleontological labors. From a collector's stand()oint, a striking 
feature about these species is the rarity of the individuals rep- 
resenting the six or seven distinguishable forms. Of only one 
have we as many as five valves, while of the others the number 
seen is three, two, or only one! 

The associated species, on the contrary, are in most cases 
numerously represented. Especially is this true of ^Echminn^ of 
which there are at least two species, probably identical with the 
Knglish and Scandinavian ^E. hoviiia and ^E, cuspidata. Among 
the others we may mention Beyrichia^ Kloedenia^ BoUia. ( f ), 
Moon-fi, Bythovypris^ etc., each with from one to four or more 
species, and most of them, if not all, .with more or less obvious 
relations to Wenlock species. But this Ijears upon a too impor- 
tant (question — /. ^'., the correlation of American and Euro))ean 
strata — to permit of definite assertions previous to much more 
careful and detailed comparisons than I have yet found time to 
make. 1 am however now, through the kindness of Mr. G. R. 
Vine and Prof. T. Rupert Jones, fairly well equipped to enter 
upon such comparisons, and hope in the near future to undertake 
them. 

Beecherella, d. gen. 

Carapace small, elongate, boat-shaped to ovate, moderately 
eonvex, more or less ine(iuivalve. Dorsal margin varying from 
nearly straight to strongly convex ; back sometimes flattened, with 
a shaq)ly defined carina on one or ])oth valves, giving them a 
triangular shape in cross-sections; in other cases the dorsal slope 
is merely convex. Antero-doi*sal extremity acuminate, often 
drawn out into a long spine; spine strongest on the right valve, 
sometimes absent entirely on the left valve. Posterior extremity 
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neuminate or rounded. Ventral edge gently convex, occasionally 
straightened in the middle. Hingement simple, the dorsal edge 
of the right valve especially somewhat thickened and in the central 
lx)rtion slightly overlapping the left valve. 

Type, BeechereUa carinata, n. sp. 

Some of the species about to be described under this generic 
name deviate rather widely from the one selected as the type. 
Only one feature is common to them all — the anterior spine. 

The value of this character as an indication of true generic 
affinity may have been over estimated, and it is therefore possible 
that more than one generic group is represented. This is however 
a point that cannot as yet be determined, since, without more 
material of these and other species that sooner or later is certain 
to be discovered, it is not possible to pick out with certainty the 
really diagnostic characters. 

B. ocata may seem the farthest removed from B. carina ta, but 
B. suhtainida is clearly an intermediate form, as is also /i. criMata. 
H. navicuhi and angularin^ however, differ from all the cfthers in 
this, that the anterior spine is a prolongation of the dorsal edge 
instead of the dorsal carina or of the anterior slope. It is here, 
perhaps that another genus is indicated. 

Respecting the position of Brcchervlla 1 find myself (juite 
unable to arrive at any satisfactory conclusion. Many of the 
Cypridinidai it is true, have an anterior spine or hook, but here 
the resemblance ceases. The thin shells of the Cypridje also are 
<iuite different, though one form of Cypris has been described as 
having a front spine ( C. coniigera, Jones Geol. Mag. 1888, p. 
H36, fig. la-f), and Bairdia occasionally presents resemblances. 
And then the LeptrJitiido'j a family that already includes many 
odd forms, does not, so far as I can see, contain anything throw- 
ing light upon the question. At present, therefore, I am obliged 
to view BeechereUa as one of those groups of fossils, so frecjuently 
presented to the student of paleozoic paleontology, that baffle the 
most careful efforts of the systematist to classify successfully. 

BeechereUa carinata, n. sp. 

PLATE II, FIOS. 1-4. 

Size: a large right valve; greatest length, 3. GO mm. ; greatest 
hight,0.77 mm. ; greatest thickness, 0.50 mm. ; length of anterior 
spine about 0.65 mm.; greatest length of valve at inner edge, 
2.90 mm. 
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Valves elongate, boat-shaped, extremities acuminate, subequal 
the anterior spine strong, projecting greatly beyond the end of the 
hinge margin; from this spine a sharply defined thin, and gently 
curved dorsal ridge or carina, extends backward to and a little 
beyond the angular postero-dorsal extremity. A sharp impression 
extends a short distance obliquely downward from this extremity 
of the ridge. Back flattened except where it runs into the ter- 
minal spines; a faint channel along the edge. Ventral edge 
nearly straight, curving uniformly upward at each end. Surface 
without ornamentation, with point of greatest convexity (thick- 
ness ) at the dorsal carina about midway of the length. 

In a view of the inner side the dorsal edge is strongly convex, 
and the anterior junction with the ventral edge very acute and oc- 
curring beneath or about the middle of the hight. The largest and 
best of the valves seen presents a feature about which 1 could 
not satisf}' myself that it really belongs to the valve. 1 refer t<> 
the thin oblique diaphragm-like structure shown in the right half 
of ftg. 2. If it is really a normal structure then it appears to be 
restricted to the right valve, as I fail to notice any sign of it in a 
well preserved left valve. Nor can I detect an}' sign of such a 
diaphragm in the other species. 

The elongate form, sharply carinate back, acute ix)sterior end, 
and the strength of the anterior spine are the distinguishing 
features of this species. It should require but a glance to sep- 
arate it from all of its known associates. 

ForiruUion and hciUty: Lower Helderberg group, Albany county, X. Y. 
Types in Dr. C. E. Beecher's collection. 

Beecherella subtumida, n. sp 

PLATE II, FI08. 5-7. ^ 

Size of riyht niirc: greatest length, 1.90 mm.; greatest hight. 
0.70 mm.; thickness, 0.55 mm.; length of valve at inner edge, 
1.53 mm. ; projection of spine beyond anterior edge about 0.35 mm. 

Valves elongate-ovate, slightly widest in the posterior half; 
extremities, excluding the anterior spine, subec^ual, the posterior 
a little the bluntest of the two. Dorsal margin straight, sharply 
roun<led at the |K)stero-dor8al angle, and very slightly bent down 
when» it passes into the strongly projecting anterior spine. 
A nten)- ventral margin (in a side view) straight or faintly concave 
to the end of .the spine. Ventral edge, uniforml}' convex, from 
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base of anterior spine to point on posterior edge one-third of 
bight of valve beneath the dorsal line, the curve corresponding to 
something near a one-third segment of a circle. Posterior end 
most produced above, with a flattened border or flange projecting 
be\'ond the inner or contact edge ; flange widest above, vanishing 
in the lower third. Back strongly convex, without carina, but 
with a shallow channel close to the edge. Surface smooth, valves 
tumid, with point of greatest thickness a little above the middle. 
In a view of the inner side the contact edges form an elongate- 
oval, with the anterior end sharply rounded or sub-acute, and the 
dorsal side straighter than the ventral. 

This species is too obviously distinct from the preceding to 
require comparisons. B, ovutn has much wider valves, with 
(|uite different surface contour; while B. crista fa has the dorsal 
margin more convex, and a thin carina or crest on the dorsal 
slope. 

Formation and Reality: Same as precediag. 

Type in Dr. C. E. Beecher's collectfon. 

Beecherella subtumida, var. intermedia, n. var. 

PLATE II, FIG. 15. 

Size of right calve: Length (excluding spine) about 1.17 mm. ; 
bight, 0.63 mm. 

This name is proposed provisionally for a single right valve, 
that, being a little imperfect at the anterior end, I think it wisest 
to view with conservative judgment. At first I was inclined to 
regard it as a young right valve of B. ovata, but on re-examination 
that view lost probability, and I now believe that its relations are 
nearer B. nubtumula, with the chances strongly in favor of ultimate 
specific separation from both. A comparison of figs. 5 and 15 
shows that the latter is comparatively shorter, the antero-dorsal 
angle abruptly curved instead of gently declining, the anterior 
end probably blunter, and the ventral edge a little more convex. 
In the two points last mentioned the shape is more nearly as'inB. 
ovata (see fig. 14) with which it agrees further in having the 
anterior spine less produced beyond the end of the valve, and its 
base situated farther back on the antero-dorsal slope — not however 
as much so as in that species. Its surface is less and more 
uniformly convex than B. suhtumtda, while B. ocata has a low 
cardinal ridge running backward from the spine, and a shallow 
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depression beneath it, neither of which is represented in var. 

intermedia. 

Formation and locality: Same as preceding. 

Collected by Mr. Chas. Schuchert, but now in the author's cabinet. 

Beecherella ovata, n. sp. 

PLATE II, FIGS 13 AND 14. 

Size of left valve: Length, about 1.87 mm. ; hight, 1.10 mm. ; 
greatest thickness, 0.50 mm. ; length of spine, about 0.60 mm. ; 
projection of same beyond anterior edge, about 0. 30 mm. 

Of this species the left valve illustrated on the accompanying 
plate is all that has so far been discovered. It is a little imper- 
fect at the posterior end but the remainder is in suliSciently gooil 
condition to justify description. 

Left valve ovate, widest posteriorly, with point of greatest 
hight, al)out midway between the extremities. Dorsal edge gently 
convex, posterior end semicircular, anterior end sharply rounded 
and most prominent just beneath the spine; ventral edge rather 
strongly convex, with the cun'e in the antero- ventral region 
somewhat straightened. Anterior spine rather long and slender, 
but projecting onl}' about half its length beyond the anterior edge; 
continuing backward from base of spine a low rounded dorsal 
ridge is traceable across the middle third of the length 
of the valve. From this ridge to the dorsal edge the slope 
is abrupt, while just l)eneath it a shallow depression, widest and 
deejx^st at a \yomi a little in front and above the center of the 
valve, is noticeable. Just behind the center an obtuse elevation 
constitutes the point of greatest thickness. Anterior, ventral, 
and iKistcrior slopes gently convex. Surface without ornamentation. 

Foniuition and lorality: Same as preceding. 

Type in Dr. C. E. Beecher's collection. 

Beecherella crfstata, n. sp. 

PLATE II, FI08. 1G-11>. 

Si:.* iff tut in rnntpaee: Length, including anterior spine, 1.27 
mm., length, without s[Hne, 1.10 mm.; hight, 0.49 mm.; thick- 
ness, 0.47 mm. 

Carapace elongate ovate, narrowly rounded behind, acuminate 
in front. Dorsal and ventral sides nearly equally convex. In a 
ventral view the two valves are aliout equall}' convex, with the 
lK)int of greatest thickness near the middle. Valves unlike, the 
left without spine or crest, but with a narrow flattened border at 
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each end. Right valve with a faint dorsal overlap, a rather small 
subterminal anterior spine, and behind itathin crest-like longitud- 
inal ridge situated about midway between the center of the valve 
and its dorsal edge. 

This is the only species of the genus of which the two valves 
have been found in conjunction. They are so different that if 
found separate they would scarcely have been refeiTed to the same 
species. Indeed, the spineless left valve would most likely have 
been regarded as Bythocypris, The two valves are known also of 
B. carinata and B. nnvicuJa, but in these the anterior spine of the 
left valve is merely somewhat smaller than that of the right, while 
the B. ovata, of which the left valve only is known, this spine is 
ver^' well developed. B. suhtumlda^ known only from right valves, 
is evidently a related form, and it is possible that in it too the 
left valve is spineless, which may account for its non-recognition. 

Formation and locality: Same as preceding. 

Type picked from fine residue sent me by Mr. Chas. Schuchert, and 
now in my cabinet. 

Beecherella navicula, n. sp. 

PLATE II, FIGS. 8 AM) 9. 

Size of lift vafrc: Length from extremity of spine to ix)sterior 
margin, 3.4 mm. ; hight, 0.7 mm. 

Valves elongate, lK)at-shaped, the dorsal and ventral margins 
sub-parallel, the former long, gently convex, anteriorly drawn out 
into a long spine projecting forward and a little upward like the 
bowsprit of a boat; posteriorly bending down into the sharply 
rounded posterior margin. Anterior end sloping backward from 
the base of the spine into the ventral edge. The latter is straight 
in the middle, and gently curved upward behind. Surface mod- 
erately convex, the dorsal slope the most abrupt. The spine of 
the right valve slightly stronger and longer than that of the left. 

On the inner side the dorsal edge is thickened, especially in 
front where it forms the projecting spine. Running nearly 
parallel with -the anterior edge a ridge, quite distinct in the left 
valve, but much less so in the right, is to be observed. From the 
nature of the parts forming the anterior half of the valves it 
appears that when joined and the carapace closed an opening must 
exist just beneath the spines. 

There is little probability of confusing this with any of the 
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preceding species. The internal differences are so striking that a 
generic rather than specific separation is suggested. 

Fomuition and Umlity: Same as precediog. 

Types In Dr. C. E. Beecher*s collection. 

Beecherella angularis, n. sp. 

PLATE II, FI08. 10-12. 

Size of right valve: Length 1 . 45 mm. ; hight, 0. 75 mm. ; 
thickness, 0.38 mm. 

Valves obliquely acuminate-ovate, in a side view, triangular in 
cross-section, the dorsal side being nearly straight, with a wide, 
subtriangular flat or slightly concave back, the posterior third 
semicircular, the anterior margin gently curved and sloping back- 
ward from the pointed antero-dorsal extremity into the neatly 
rounded ventral margin. Point of greatest thickness just 
beneath the dorsal ridge from which the surface slopes with a 
gentle convexity to the free margins. 

The general expression of the only valve of this species seen 
except that it is inequilateral, resembles that of the ventral valve of 
a minute Spirifera with a wide flat area. The possession of such a 
flattened back recalls B, carinata, but the relationship can only be 
remote since they differ so greatly in all other respects. Nor do 
any of the other species approach B. angularis sufficiently to make 

comparisons either necessary or desirable. 

Fonmition and locality: Same as preceding. 
Type in Dr. C. E. Beecher's collection. 

EXPIANATION OF PLATE. * 

Beecherblla carinata, n. sp. 
Fig. 1. Nearly perfect right valve. 
Fig. 2. Interior view of same. 
Fig. Ji. Dorsal view of same. 
Fig. 4. Interior view -of a small left valve. 

Beecherblla subtumida, n. sp. 
Figs. 5, 6 and 7. Respectively interior, side and dorsal views of a right 
valve. 

Beecherella navicuij^, n. sp. 
Fig. 8. Interior view of a perfect left valve. 
Fig. 9. Interior view of the anterior half of a right valve. 

Beech KRELiJi anoulata, n. sp. 
Figs. 10, 11 and 12. Interior, end and dorsal views of a right valve. 
(The dorsal view is too long.) 

Bf.E( IIEKELLA OVATA, n. Sp. 

Figs. 18 and 14. Dorsal and side views of the only specimen, a left 
valve, seen. 

Beecherella subtumida, var., intermedia, n. var. 
Fig. 15. View of the interior of a right valve. 

Beecherella cristata, n. sp. 
FiiTs. 10, 17, 18 and 19. Respectively right side, left side, ventral and 
dorsal views of a perfect carapace. 

• All the fljpire** are enlar^red 8) diameteri*. 
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INTRODUCTION. 

In the spring of 1890 a party was organized l)y Dr. H. F. 
Reid, of the Case School of applied Science, Cleveland, O. , to 
proceed to Glacier ba}', Alaska, for the puri)ose of mapping the 
basin of the Muir glacier, and of making as thorough an explora- 
tion as the time at their disposal would permit. The party con- 
sisted of Dr. Reid, Messrs. H. McBride, J. F. Morse, C. A. 
Adams, of Cleveland and R. L. Casement, of Painesville, O., and 
the writer. We reached Glacier bay on the 1st of July, and 
were fortunate in finding Prof. John Muir alread}* in camp then*, 
with Mr. Loomis. of Seattle, Wiush. , as a companion. Our stay 
was made vastl}' more pleasant and profitable by Mr. Muir's 
presence and knowledge of the region. He made the first ex- 
ploration of the amphitheatre occupied by the main mass of the 
glacier (see map), leaving camp in the middle of July, and in a 
solitar}' trip of ten days duration, passing completely around this 
amphitheatre. Our party had been preceded in work at this i>oint 
by Prof. G. F. Wright, who spent a month here in 18S(». His 
retults arc well known and his work was of value to us in many 
ways. 

Work in an unknown and ditticult region of considerable extent 
must necessarily be largely the work of the scout. Detailed ob- 
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servationa are out of the question. It is believed that more gen- 
aral ones are of sufficient interest to be worthy of record. 

DESCRIPTION OF THE REGION. 

Glacier bay is a narrow arm of the sea about thirty miles long 
and five to eight miles wide projecting northwestwardly* from Cross 
sound. Between it and the Pacific lies a rather narrow peninsula 
occupied by the Fairweather range of mountains, and two minor 
ranges west of it. East of the bay is another narrow and 
mountainous peninsula separating it from Lynn canal. Near its 
head it bifurcates into bay Glacier proper and Muir inlet, the lat- 
ter projecting from the main bay in a northerly direction. It is 
from three to four miles long and from one to two miles wide. 
Into its head Muir glacier advances. The mountains adjoining the ' 
bay are mainly low, rounded spurs rarely exceeding 3,000 feet in 
hight, but present occasional sharp peaks rising from 5,000 to 
H, 000 feet above tide. Their northern slopes are often permanently 
snow-clad, but southern exposures are entirely free from snow 
in summer, and ga}' with a profusion of flowers. To an observer 
on one of the spurs on the eastern side of Muir inlet a spectacle 
of unparalleled grandeur is presented. To the west across 
Glacier bay rise two low ranges of mountains and beyond loom 
up the giants of the Fairweather range, beautiful white, snow- 
clad peaks. To the east and northeast are the White mountains 
lying between Glacier bay and Lynn canal. To the north and 
northwest the whole of the vast amphitheatre occupied by Muir 
glacier lies before the eye, with its encircling mountains, and the 
larger number of the many valley glaciers that pour their ice into 
this amphitheatre. The great branches that come in from the north- 
west may be followed by the eye for great distances. As the ice 
in the amphitheatre advances towanl Muir inlet it l)eeomes con- 
fined within narrow limits. The amphitheatre has a breadth of 
from twelve to fifteen miles or more. In order to reach the inlet 
the ice occupying it is forced through a mountain gap less than 
three miles wide. At the present time the ice front barel}' reaches 
the narrowest portion of this gap. The waters of Muir inlet do 
not wash the bases of the mountains. A deposit of sand and 
gravel with a width of from one-half to three-fourths of a mile 
lies l)etween the two on each side of the inlet. As a result only 
the central portion of the glacier terminates in the water. This 
central portion is tremendously crevasseil and broken. On each 
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side the glacier ends upon these soft deposits, diminishing in 
thickness to an edge. These side portions of the glacier, espec- 
ially the eastern side, are as notably smooth as the central portion 
is broken. Near the front of the glacier three low mountains 
protrude from the ice which entirely surrounds them. On these 
were Dr. Reid's stations G, H and I. The western one, G, is 
much the largest and highest, and forms a conspicuous feature in 
the landscape seen in looking toward the ice from the bay. 

TRIBUTARIES OP MUIR OLACIER. 

The greater portion of the ice which reaches the front of Muir 
glacier at the present day is supplied b}' the two great ice-streams 
which enter the basin from the northwest,* Muir glacier proper 
and the northwestern branch. The former is the larger, has a 
length of certainly thirty-five miles and probably more, and is 
deeply and abundantly crevassed for a great distance back from 
the ice front. The central and larger portion of the ice front 
derives its ice from this source. The northwestern branch is only 
second in size to this one. Its length is not so great nor its crevasses 
80 numerous and profound. Its ice reaches Muir inlet to the west 
of the ice from Muir glacier proper. The next most considerable 
tributaries are the two northern branches. These have great 
length but will not compare in size with the last two. They fur- 
nish the ice which breaks away into the water at the eastern cor- 
ner of the inlet. The Western branch is quite completely sepa- 
rated from the rest of the glaciers by the numerous low mountains 
that protrude from the ice. Its interesting features are its nu- 
merous connections with its Northwestern branch through the 
mountain gaps, and its source on a saddle from which ice flows in 
both directions, a feature shared by other glaciers in the basin. 
The ice from this branch does not enter the water, but dies out on 
the gravel dei)osit which forms the western shore of Muir inlet. 

Eantern hniuchtH. — That i)ortion of the amphitheatre of Muir 
glacier lying eiist of a line drawn from Snow dome to the eastern 
corner of the inlet is occupied by a mass of ice nearly inert, and 
slowly rotting where it lies. Stakes place<l across it al)out half a 
mile back from the front, at the end of three weeks showed either 
no motion at all, or else an extremely slight one. The surface of 
all this portion of the glacier is extremeh' shukUIi. Crevasses 

♦See map. 
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occur, but in general are mere cracks. None are found which are 
not readily to he stepped over. Everything points to rapid de- 
cadence. Points of interest increase as the various valleys 
tributary to this part of the glacier are examined. 

The Dirt Glacier, — The first valley opening into this part of the 
glacial amphitheatre as its edge is followed is occupied by a small 
glacier, to which the name Dirt glacier was applied, Ijccause the 
ice in the whole lower half of the valley is completely and heavily 
covered with debris from the rapidly disintegrating mountains at 
its sides. The upper half of the valley discloses an extremely 
pretty, small, white glacier with heavy lateral moraines which 
gradually increase in width with the result mentioned above. 
This glacier at the present time has not sufficient vitality to send 
its ice beyond its own valley. Its lower portion is without per- 
ceptible motion, and has melted away considembly from the 
mountain sides. 

The White glacier. — The next valley is occupied b}' a very 
l)eautiful little glacier of a dazzling white appearance, with two 
medial moraines which present a very striking appearance from a 
distance on account of their graceful curves. This glacier still 
possesses considerable vitality, sending its ice clear to the Dirt 
glacier valley. In entering the main basin its ice makes a sharp 
turn of 90°, causing a depression of its surface at the concave 
side of the l)end with a corresix^nding slight elevation at the 
ironvex side. 

The Southeastern branch. — For our present purpose the point 
of interest of this next succeeding glacier is its present vitality. 
It really comprises two glaciers, the first of which is somewhat 
the larger of the two. This sends its ice not ([uite to the White 
glacier valley, dying out against the mountain side just Iwfore 
that valJey is reached. Ice from the other brunch extends but 
little further, pinching out between ice from Main valley and 
the White glacier, opposite the entrance to White glacier valley. 
Main valley. — The greater portion of the ice occupying the 
ejuitern part of Muir glacier amphitheatre has emerged from the 
large valley called Main valley. At present many curious features 
are exibited here. No ice is visible in the upper iiortion of this 
valley or in the valleys tributary to it. The comparatively 
narrow ridge back of Tree mountain which separates Main 
valley from the snow fields of the Southeastern branch is deeply 
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snow -covered on the one side, and perfectly bare on the other. 
Some cause not evident has locally produced a greater and more 
rapid disappearance of snow and ice from the vicinity of Main 
valley than has elsewhere taken place. Snow fields occur on Mt. 
Young, the highest and most imposing mountain in the vicinity. 
But these form very small glaciers and the valleys enclosing Mt. 
Young are free from ice. The ice occupying the upper part of 
Main valley terminates abruptly at the edge of a long, narrow 
lake — Main lake — whose long axis is at a high angle with the 
trend of the valley, and which occupies nearly its entire width. 
The eastern shore of the lake is made up of glacial debris modi- 
fied b}' water, and such deposits exist in considerable force in the 
tributary' valleys beyond. Small bergs, evidently derived from 
the end of the glacier, float in the waters of the lake, and strand 
on its shores. From its lower end a stream of water issues, 
flowing away toward Lynn canal. The lake is held in place by 
the thickness of the soft deposits on its eastern shore. 

The moraines in Main valley run directly to the shores of Main 
lake, there ending abruptly. That the rock masses from which 
they derived their contents, lie to the east, is clear from the nature 
of the contents. Hence the ice must formerly have completely 
filled Main valley and come from the tributary valleys to the east. 
At the present time the supply of ice in the valley is renewed 
from no source whatever, except for the snow which falls upon 
its surface in winter. The highest part of the surface of the ice 
at present is some distance west of the lake. Somewhere beneath 
this ice, lies the divide for this valley between Glacier bay and 
Lynn canal. The stream flowing from Main lake flows into Lynn 
canal. It is possible that Main lake lies just on the Glacier bay 
side of the divide. That being the case, the draining of the lake 
would be indefinitely postponed. In the period of greater life of 
the glacier, the glacier occupying the stream valley, and the upper 
part of Main valley must have had a rising slope for its floor, and the 
reason for its movement in this direction furnishes an interesting 
problem to be 8olve<i. At the present time the whole mass of ice 
is practically inert, but it seems inevitable that tfiere must be a 
slow flow of the ice in both directions away from the highest point. 
This movement would add to the general lowering of the surface 
of the ice produced by melting. It must also tend to an attenua- 
tion of the moraines spread upon the surface. 
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Another testimony to the inert condition of the ice in Main 
valley and vicinity is the shrinkage of the ice away from the 
mountain slopes which border it. This shrinkage must he par* 
tially counteracted by the slow movement just spoken of, but it 
is verj' conspicuous. The ice is rarely in contact with the mount- 
ains, but has withdrawn a few feet, leaving gaps into which an 
astonishing amount of debris has been tumbled. 

Berg Jake, — Two small valleys open into Main valley from the 
northeast. The most easterly of these is occupied by Berg lake, 
presenting an excellent example of a valley lake whose waters 
hold their position in virtue of an ice barrier across the valley 
mouth. In this lake also float ice bergs derived from the ice 
barrier which holds the lake in place. Two enormous moraines 
extend from the mouth of this valley to the ice front. Their 
great size compared to the size of the valley in which they must 
originall}' have been formed is a matter worthy of comment 
Here also the slow creep of the ice away from its highest point 
must be felt, and accounts for the occasional berg which the ice 
furnishes to the lake. What becomes of the surplus water of the 
lake is not known, but it seems probable that it must find its wa}* 
into Main lake. A comparatively slight extension of the latter 
would cause the two to coalesce. The same cause that has re- 
moved the ice from the upper part of Main valley has removed it 
from Berg lake valley. Glaciers ordinarily retreat up their val- 
leys. Here the opposite course of proceedurc seems to have 
obtained, and the glaciers have disappeared from the small val- 
leys while thick ice remains in the larger one into which the others 
formerly poured their supply. 

The Girdled glacier . — The westerly of the two valleys spoken 
of is occupied by a very l)eautiful little white glacier, with a 
very steep slope. The clean character of its surface and the 
small amount of debris which it brings down, are as astonishing 
on the one liund, ji.s are the great moraines which have come out 
of Berg lake valley on the other. This glacier received its name 
from Dr. Reid Ijccause of the curious disposition of the moraines 
around the end of its valley. A moraine cur>'es gracefully 
around its front, from the end of the ridge on the west, to the 
end of the ridge on the east side of its valley. Another moraine, 
parallel to this, emerges from Granite canon to the west, curi'es 
around outside of the first, and dies out against the mountain 
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side just to the west of Berg lake valley. These moraines lK)th 
lie on the surface of the ice lying in the main valley. Ice from 
the Girdled glacier seems just to reach this, but does not pass 
into Main valley, nor can.it have done so for some little time. 

Granite canon. — The valley to which Mr. Muir applied this 
name is, barring Main valley, the largest one opening into the 
eastern part of the Muir glacier amphitheatre. It is a rather 
gloomy looking valley, bordered by low mountains with some- 
what precipitous slopes. These are dotted with patches of snow 
lying in sheltered depressions, but at present give rise to no 
glaciers. Hence the ice lying in Granite canon presents the same 
features as that in Main vallev. The ice is inert. It has no 
feeders. It has disappeared from the upper portions of the val- 
ley* while yet lying in considerable force in the lower portion. It 
diminishes in altitude toward the head of the canon, the highest 
|K)int in the vicinity, lying nearly three miles south of the en- 
trance. Alx»ut four miles up the canon the end of a lake is 
visible, lying in a side valley opening into the western side of the 
canon. Though only the end of the lake was visible the nature 
of the country surrounding it clearly indicates that the lake bears 
the same relatioti to Granite canon that Berg lake does to Main val- 
ley, viz : that its waters are held in place by the ice barrier across the 
front of its v Alley. The same cause has been at work in ))oth 
places. That the ice formerly moved out of (Jranite canon, and 
di<l so for a vast length of time is indubitably shown by the 
material of which the great moraine that issues from it is 
composeil. The great proportion of this material is diorite which 
is onl}' found in place in the mountains enclosing the up- 
per portions of the valleys that open into the glacier's araphi- 
theatrt» from the east and north. Ice certainly flowed 
out from Granite canon long enough to carry this moraine clear 
to the present fmnt of Muir glacier and ))eyond. The outward 
flow of the ice from Main vallev must have ceased ))efore the 
stoppage of the flow from Granite canon. The moraine which 
emerges from Granite canon and passes around the front of the 
Girdled glacier proves this. On the cessation of the flow from 
Main valley the ice must have receded somewhat from the moun- 
tain flanks. The eastern portion of the ice flowing out from 
(iranite canon would then have encountered less resistance in this 
direction, and a pc^rtion of it would deflect from the main mass 
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and follow this new direction. The short moraine which passes just 
across the front of the Girdled glacier inside of this one was 
formed at the same time, mainly from material from the rapidly 
disintegrating mountain ridge west of the mouth of the Girdleil 
glacier. That the outward flow of the Granite canon glacier did 
not continue long after the stoppage of the flow from Main valley, 
is shown by the short distance traverseii by the moraine emerging 
from the canon and flowing in this direction. 

If there is the present slow flow of the ice in Main valley al- 
ready spoken of, a flow in l)oth directions from the highest |K>int 
of the ice, there must l)e a corresponding slow flow of the ice back 
into Granite canon. Starting at the front of Muir glacier, and 
proceeding toward the canon, the surface of the ice is found to 
slowly increase in hight till, about ten miles from the front, an 
altitude of al)OUt 1,300 feet A. T. is reached. From this point 
further progress to the northwest is over a descending surface. 
This descent continues up Granite canon as far as the eye can see. 

Two small glaciers appear on the southern slope of the iQoun- 
tain mass iN'ing between Granite canon and the First Northern 
/uih^^\[^ branch. The-»ost western of the two — marked Glacier 9 u|K>n 
the map — merits brief attention. It has retreated some little 
distance up its valley, and its lower portion is covered from one 
side to the other with debris, after the manner of the Dirt glacier. 
lJl)on the ice of the main mass in the amphitheatre which lies 
across the opening of this glacier's valley, a moraine api>earH 
curving across the opening from one side to the other, the coun- 
terpart of the one in front of the (finlled glacier. The motion 
appears to have been from the west, the material l)eiug supplie<i 
from the southern slope of Snow dome, the mountain to the 
west of this glacier. A recent flow of ice from the First North- 
ern branch across the opening of this valley must have taken 
place, carrying with it the disintegrated material that fell from 
Snow dome ui)on the surface of the ice. 

RECENT RECESSION OF THE (ILACIER. 

The evidence that verv recentlv Muir glacier has had a vastlv 
greater extent is remarkably plain, and has been well summed up 
by Prof. Wright. The reason for its consideration here, is that 
further evidence has been pmcureii. 

Dinct (viffnia. — Prof. Wright's measurements, and photo- 
graphs taken by Mr. Baldwin of his party furnish a means of 
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comparing the position and extent of the glacier in 1886 with its 
condition in 1890. Mr. Baldwin's photographs of the ice front 
show that in 188G its position was at least lialf a mile further to 
the south than was the case in 1890. No direct measurements 
on the ground were possible, and the ice front was of such en- 
tirely different shape at the two periods, that, at best, only an 
average could have been ascertained. The amount of retreat has 
l^een greater in the central part of the glacier which terminates in 
the water, its ice breaking off and floating away, than at the 
sides, which retreat only by slow melting where they lie. 
Wright's map and photographs show the seaward portion of the 
ice extending further to the south than the wings on land, the 
most southerly point of all being in the centre. In 1890, on the 
other hand the most southerly points of the ice front were the 
wings — see map — and the water front was deeply concave, the 
greatest recession, probably not far from a mile, being near 
the centre. The amount which the wings have retreated has been 
comparatively small. The testimony of the officers of the steam- 
ers which have been entering Glacier bay since 1883, is unani- 
mous that the ice has retreated considerablv since that time, the 
estimates running from one to two miles. The testimony is cred- 
ible as a new place for anchorage must be sought every year. 
Half a mile in four years is a tolerably rapid rate of recession, 
should it prove to be at all an average one. 

The hight of the central portion of the ice front al)ove the 
water in 1890 was about 250 feet, the same that Prof. Wright 
records. * This, however, was the hight of his projecting point. 
To points on the front somewhat back of that, he gives a hight 
of 300 feet. Soundings as close to the ice front as practicable 
show about the same depth of water, somewhere in the neighbor- 
hood of 600 feet on an average. There has evidently been a con- 
siderable shrinkage in thickness in the four years interval. The 
ice front in 1890 was not far removed in position from the line along 
which Prof. Wright states it to have had a hight of 408feet in 1886. t 
Its greatest hight in 1890 was 250 feet. Wright's photographs 
indicate also a greater thickness of the ice in the Western l)ranch, 
judging from the hight to which it rises on the mountain sides 
adjoining, as compared with that exhibited in the photographs of 

♦Ice Age in North America, p. 43, 
tibld., pp. 43 and 49. 



216 The Auievican Geologist. octouer, iwii 

the same taken hv Dr. Reid and Mr. Morse. As a result of his 
measurements of the rate of motion of Muir glacier 
near its front. Prof. Wright announces an average forward move- 
ment of the ice into the inlet of forty feet a day, with a maxi- 
mum of seventy feet.* His methoil was by sighting on various 
pinnacles of the deeply crevassed |)ortion of the ice, from day to 
day. Under Dr. Reid's skillful guidance our party made several 
efforts to completely cross the ice front and plant flags to seri'e 
as accurate points on which to sight. The attempt to entirely 
cross was unsuccessful, proving a task of the most extreme diffi- 
culty, if not impossi})le. By working out from each side toward 
the centre, however, the last flag on one side was planted so near 
to the last flag on the other, that the space between the two was 
less than the average interval left between the others. The 
most rapid motion found by Dr. Reid by triangulation upon these 
flags, was seven feet a day. Undoubtedly the ice was in more 
rapid motion at the time of Prof. Wright's visit. Its greater 
thickness and the fact that it was further advanced into the com- 
paratively narrow valley in which Muir inlet lies would necessi- 
tate this. But the increastnl rapidity must have been compara- 
tively small in amount. 

Fi'vHhikvHH and txtint of striw. — The sides of the mountains 
lK>rdering Muir inlet are polished and striated with the freshest 
possible marks up to hights of 2,000 feet. The same is true of 
the sides and tops of the two low islands which project al)ove the 
surface of Muir inlet. Naturally the striations decrease gnidually 
in numlK»r and strength as the altitude increases owing to the 
rapid disintegration of the rocks. Al)Ove 2,000 feet strite are 
occasionally found up to hights lus great as 3,500 feet. Only 
occasional peaks have hights over 3,000 feet, hence when 
glaciation was at its hight the whole region must have lieen 
covered with an icy mantle with only here and there a small steep 
crag projecting alM)ve the general level. In the upper i)ortion of 
Glacier bav the same freshness of the stria» is observable on the 
mountain sides and the islands in the bay. (loing down the Imy 
the same decrease in numlK»r and freshness is observed that is 
foun<l on increase of altitude. Yet the difl'erences are not as 
marked as would be the case had the retreat of the icel)een a slow 

♦Ice Age in North America, pp. 4>5— 51. 
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and prolonged matter. The evidence furnished by the strite is of 
a recent and rather rapid retreat of the ghicier from a condition 
of much greater extent. 

CouiUtion of the Eastern portion of the glacier. — Tnis has 
already been treated in considerable detail. The evidence tliere 
presented of the great decadence of that i)ortion of tlie glacier 
will readily l>e recalled. 

Landslip on the White g fader. — The extension of the White 
glacier into the main amphitheatre is clearly marked by its very 
white color and the heavy moraine at its outer side. It ends in 
front of the Dirt Glacier vallev. About two miles alK>ve its end 
its entire breadth is covered for a short distance by a coating of 
loose debris, which increases in thickness and coaresness toward 
the mountain side, upon which masses of the same material lie. 
Some sudden flood or avalanche has hurled this mass of material 
down the mountain side, and scattered it broadcast over the sur- 
face of the ice. The present surface of the ice covered by this 
material now stands well alK)ve the level of the ice not so pro- 
tected, and presents the characteristic surface of ice so covered; 
great difl'erences of level appear according to the thickness of the 
covering, with the prevalent tendency towani the production of 
sharp ridges and cones. To produce the existing difference of level 
and character of surface exhibited, a length of time would be nee- 
es-sarj* which must at least be measured in months. Yet the material 
lying on the glacier is directly continuous with that on the mount- 
ain side, so that little movement can have taken place since the 
slide occurred. 

THE DVIXii (iLACIER. 

The Dying glacier lies in a valley from half a mile to a mile 
wide, which extends from the western shore of Muir inlet through 
the mountains to Glacier bay. The glacier is a mass of ice nearly 
three miles long, of unknown thickness, occupying the middle 
third of the vallev. From its eastern end a stream flows into 
Muir inlet, three and one-half miles distant, through the soft de- 
posits occupying this portion of the valley. The western end of 
the glacier lies very close to tide water from (J lacier )»ay which ex- 
tends up the valley for two miles and a half. The highest point 
of the ice, al)OUt 800 feet A. T. , is near the centre. From this 
point the surface slopes evenly in lM)th directions. Two small 
glaciers, the one north of Pyramid peak, and one from the south 
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were formerly tributary to this glacier, but it has been some 
time since either has supplied any ice to it. Its moraines lie in 
perfectly straight lines from one end of the ice to the other, neces- 
sarily being the remnants of the old medials that la}' on its sur- 
face during a time of greater extent. No moraines appeared 
traceable to the two glaciers coming in from the sides. There 
are several of these medial moraines lying on this glacier, indi- 
cating its formation from a considerable numl)er of small ice 
streams. They present one very peculiar feature, that of disap- 
pearing for a certain interval. On following one of them it would 
suddenly l)e cut off sharply, be absent for a certain distance, and 
then reappear at the surface with equally startling sudden- 
ness. This has taken place once on every moraine. Sometimes 
two or three moraines exhibit this phenomenon at about the same 
jioint, but more often the points of disappearance and reappearance 
on the various moraines seem independent of one another. Close 
examination revealed the missing portions of the moraines lying 
l)eneath the surface of the ice, their present position Iwing dis- 
closed by means of the narrow crevasses. They w^ere sometimes 
covered l)y a thickness of ice of at least six feet. They keep 
their direction perfectly when beneath the surface. The effcK^t 
produced is as if a long shallow block of ice had l)een lifted up, 
ks load of debris deposited in the depression produced, and then 
tlie block replaced upon it. No explanation of this occurreil to 
\\\K\ and I present it as a curious fact not observed l)efore so far 
as I know. 

The situation an<l direction of the moraines on this glacier in- 
dicate a former flow of the ice from one end of the valley to the 
otlier. There are. however, certain difficulties in the way of this 
view. The material composing the moraines is here of little as- 
sistance in determining the ([uestion. The mountains adjoining 
this valley and the neighboring shores of the bay and inlet are all 
of the same material, and of this the moraines are made up. 
Occasional large pieces of coarsely crystalline white calcite oc- 
cur on the moraines. These are supplied from the deposits of 
calcite found in fissures in the vicinity. I know of none of 
suttlcient size to have furnished these pii*ces in the mountains ad- 
joining the eastern portion of the valley, and do know of 
several to the west. This denotes a prolmbility of a former 
easterlv movement of the jjlacier in this vallev. There are many 
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points of interest in this valley, requiring a careful examination 
for their elucidation. 

GLACIAL DEPOSITS. 

Description. — On each side of Muir inlet a deposit of sand and 
gravel of varying width lies between the water and the mountains 
— see map. The deposit on the western side is more extensive. 
It has a width varying from half a mile to a mile, which is great- 
est opposite Dying glacier valley and diminishes rapidly to the 
south, having a length of alx)ut five miles. That on the eastern 
side has a width of about half a mile for the first mile of its 
length and then diminishes to a point, dying out about three 
miles south of the ice front. For a considerable part of their ex- 
tent these deposits rise quite abruptly from near the water's edge in 
steep cliflfs with an average hight of one hundred feet. The 
faces have been chiseled by the rains into very picturesque shapes. 
They have a talus slope at their base, and are separated from the 
water by a narrow sand beach. A channel has been cut in each 
of these deposits by the sub-glacial streams that issue, one from 
each end of the ice front. The sides of these channels are marked 
by rough terraces marking occasional local fiood plains formed 
b}' the streams as they rapidly cut out their channels. These 
terraces rise rapidly in the direction of the ice and then die out, 
an eflfect produced by the retreat of the ice and the consequent 
shifting of the source of the stream. These deposits possess 
firmness to a surprising degree, it being in places extremely 
diflScult to make any impression on them with the foot. But 
their lack of consolidation renders them, especially when water- 
soaked, an easy prey to running water. They were deposited by 
swift currents. The material is all coarse, alternating beds of 
gravel and sand, the gravel largely predominating, and with little 
or no admixture of clay. Rapid altefnations of horizontal and 
cross bedding characterize them. A considerable number of the 
pebbles in the gravel are derived from the eruptive rocks far to 
the north. They have their edges rounded but are much more 
angular than are stones which have suffered attrition in water for 
any considerable length of time. They have rather the aspect of 
somewhat water-worn glacial pebbles. 

The altitude reached by these deposits increases as the mount- 
ain sides are approached, they having there an elevation of 400 
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feet. In a steep gully on the side of Mt. Wright they reach a 
hight of COO ft. 

Thcae deposits ovtrrun hy the ghicitr. — These deposits below the 
front of the glacier are overlaid by a stratum of varying thick- 
ness of true raorainic material, rough boulders of varying sizes, 
few of which show any evidence of attrition, lying on or embedde<l 
in a layer of sand and clay. The surface presents numerous '* kettle- 
holes' ' and kames, its whole configuration being evidently due to a re- 
treating ice sheet. On each side of the inlet the glacier ovemmH 
these deposits. (Plate III.) This is best shown on the eastern 
side, where by passing down the beach to the ice front, a lieauti- 
ful longitudinal section of the ice lying above the gravels can l>e 
seen. The length of this section is a quarter of a mile. At its 
upper end this ice has a thickness of one hundred feet at least, 
thence diminishing gradually to an edge. This section is made 
possible because the wings of the glacier on land, reach further 
to the south than the seaward ix)i*tion. On reaching the main 
front the gravels are seen to pass under the ice, so that their 
extent in this direction cannot be told. There is something more 
here than the snout of an advancing glacier riding up over its 
moraine. This glacier is retreating, and all the evidence shows 
that it hiis !)een doing so for a considerable length of time. That 
these beds were deposited })efore the advance of the glacier, from 
which it is now retreating, took place, is proved by the buried 
trees shortly to be described. That the present retreat has lieen 
long continued, is shown }>y the condition of the eastern i)ortion 
of the glacier. A glacier of great thickness has advanced over 
these gravels, and done so for a considerable time. Much of 
their original mass lias <loubtless been removed. But the ver}' 
considerable remnant is full of significance. The influence of 
the ice upon it must have been more protective than anything 
else. At the present time every one of the frerpient rains washt»s 
down jK)rtions of this deposit into the inlet and the rapid, ever 
shifting sub-glacial streams are con.stantly undermining its clitTs. 
so that its mass is being diminished with comparative rapidity. 

Or iff In nf tlusr (hpnsifs. — These deposits have for their floor an 
old land surface, with tree stumps still standing in the soil in 
which they grew, and of which l*rof. Wright has written*. Such 
stumps in situ are exiM)sed on b(»tli sides (»f the inlet, whert* the 
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gravels have l)een cut away. Those foil nil on the eastern side are 
along the l)eaeh, and are now only exposed at low tide, some Ik?- 
ing just at low tide level. This floor was a sloping one, rising 
gently toward the mountains. The deiK)sits on it were laid down 
hv swift currents, and their material had not suffere<i attrition 
for an}' great length of time. Yet it is all considerably rounded 
iind must have been transported some little distance. At least 
«ome of it came from the north. From this it follows that these 
layers of sand and gravel were de|)osited from the swiftly flowing 
streams that emerged from the front of the glacier as it advanced 
^owanl this spot, aided no doubt, by streams down the mountain 
sides adjacent, and on the western side from the Dying glacier 
^•alley. Subscnjuently the advancing glacier overran them. 

Changrx of Jtvel in thf rvgioii. — Prof. Wright explains the 
thickness of the sand and gravel deposit on the western side of 
the inlet by the supiK>sition that the Dying glacier would, in its 
advance*, protrude from the end of its valley before the advanc- 
ing Muir glacier reached that spot, and from a kind of dam, or 
breakwater, against which these deposits would be built*. This 
is a pure 8up|)osition. there being no evidence that such pn)tru- 
sion would occur first. Nevertheless it miajht be a<lmitted were 
it not for the fact that it does not aid in explaining the hight of 
the gravels on the western side south of Dying glacier valley, nor 
does it help us at all in accounting for the even greater altitude 
reacheti on the eastern side of the inlet. 1 find mvself totallv 
unable to account for the accumulation of de|K)sits of such a 
character and in such a location to hights of H(»0 and 4(M» feet 
al)ove the surface of the inlet, with the relative levels of sea and 
land remaining as at present. Should the ice be now removed 
from the amphitheatre a considerable part of it at least would be 
eovereil by sea water, with low sloping shorc»s betwcH*n the water 
and the mountains. As the amphitheatre lK»came filled with ice, 
on the advance of the glacier, it is impossible to conceive of the 
Imilding up of deposits by the streams of the vicinity to any 
<*onsiderable hight alK)ve tide water. The material would have 
l)een washed into deep water. But such a deiK)sit could easily 
have l)een built up on a slowly subsiding shore. In order to es- 
tablish such an hypothesis it is neces.sary to produce evidence of 
a downward movement of at lea.st from 200 to IJOO feet, followed 

♦Ice Age in North America, pp. CO. 
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by an elevation of practically ec][ual amount. Evidence of a cer- 
tain amount of subsidence, and its approximate date is furnished 
by the tree stumps in situ, already mentioned as occurring on the 
eastern shore of the inlet at low water mark. As the average 
tides here have a hight of 20 ft. , here is clear proof of a sub- 
sidence of at least that amount, and which could not have taken 
place l>efore the deposition of the gravels. I am however unable 
to produce further evidence of oscillations of level which have 
occurred since the deposit was formed, and merel}' present the 
idea as provisional, and as the only way occurring to me of ac- 
counting for the hight al)ove sea level reached by these gravels. 
The subsidence indicated by the tree stumps certainly took place 
during or since the deposition of the gravel deposit, and is shown 
by evidence shortly to be presented to be very rtvent. 

THE OLD FOREST. 

For the most part the mountains of southern Alaska are thickly 
covered with conifen)us trees. The mountains in the vicinity of 
Cf lacier bay form a striking exception to this general rule, the 
shores of the upper part of the bay and the mountains to the north 
and east as far as the eye can see l^eing without trees. Across the 
divide to the east, the mountains adjoining liVnn canal are forest 
covered. Passing down (i lacier })ay, trees begin to appear on the 
summits of the mountains on the east side alnnit ten miles distant 
fn)m the fn)nt of Muir glacier. (\)ntinuing to the south they 1k?- 
come more numen)us and extend further down the mountain 
slopes. The Beardslee islands, and old terminal momine of the 
Cf lacier bay glaciers, near the mouth of the bay, are thickly cov- 
en»d with trees. That the region now bare had its own forests at 
no distant date is clear. Mingled with the detritus on the sides 
of the mountains around Muir glacier fragments of old wood are 
so plentiful that our party never made a camp anywhere without 
finding plenty of it for fuel within a very short distance. The 
gnivel deposits adjoining Muir inlet are full of it, logs twenty or 
thirty feet long being not uncommon. Besides these loose pieces 
are the stumps in situ in the old .soil upon which the gravel de- 
|H>sits were laid down.* Fragments also occur plentifull}' on the 
islands in the bay. All this w(H)d is surprisingly fresh, so that 
when dry it makers excellent fuel. Sections (»f it were examined 
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microscopically by Dr. F. H. Herrick of Adell>ert College and 
compared with sections of the more common spruce now growing 
<yn the Alaskan mountains, and he pronounces them almost cer- 
tainly identical. 

Deftfniction of the Forest. — The trees were removed from this 
region by a recent advance and increase in size of the various 
fi^laciera in the vicinity. Those on the low grounds were partially 
preserved in position by the thickness of soft deposits laid down over 
them. The old trees appearing on the tops of the mountain ridges 
t*?n miles down the ba}', mark the point beyond which the ice 
ceased to cover the tops of these ridges at its period of greatest 
extent, or at least the point where permanent snow fields ceased, if 
the main ice stream did not reach this hight. 

The hearing of thin forest on the hhtory of Mnir ghicier. — South- 
em Alaska has all been glaciated. Since the retreat of the gla- 
ciers from most of the valleys their slopes have become densely 
clothed with timber. The evidence just presented seems to neces- 
sitate the conclusion that Muir glacier retreated much beyond its 
present position, and remained in that dwarfed condition at least 
sufficiently long to permit the growth of a multitude of great trees 
upon the mountains around Glacier bay and Muir glacier amphi- 
theatre. Then the glacier advanced and destroyed these trees. In 
this advance it extended down the bay nearly to the Beardslee is- 
lands, and in Mine inlet had a thickness at least 2,000 feet greater 
than at present. From this last advance it is nbw rapidly retreat- 
ing. The fresh condition of the old wood, its abundance on the 
mountains in protected spots, and the distribution of living trees 
in the lower Glacier bay ivgion, all combine to render it impossi- 
})le to adopt Prof. Wright's suggestion that this old forest was 
pre-glacial, in the sense in which he uses it.* It is rather inter- 
glacial, and comparatively recent. Muir glacier has not steadih' 
retreated since the great Conlilleran glacier began to vanish, but 
is now retreating from a comparatively slight advance which fol 
lowed upon the heels of a great and somewhat prolonged reces- 
sion. Already young spruces are beginning to shoot up here and 
there upon the timberless mountains, and it cannot be a matter 
of many centuries before the}' will again resume the chanicteristic 
Alaskan forest covering. Further evidence of the truth of this 
view is furnished bv a little coral, one of several found attached 

♦Ice Age in North America. 
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to the quartz oiitcroi) of the Tread well mine, and covered by a 
thin layer of sand and clay. This was brought to my notice by 
Mr. J. McDonahl Calderwood, superintendent of the Treadwell 
mine, on Douglass island, oi)|K)site Juneau. The corals were found 
alx>ut 200' alK)ve tide. Dr. W. H. Dall identifies it as a Paracv- 
athus, agreeing w^ell with the unfigured P. xhntrnxii Verrill, from 
Monterey. He thinks it improbable that it can exist in the cold 
Alaskan waters at the present day, though little is known of its 
distribution, and regards the specimen as probably Pleistocene. 
The coral l)ecame attached to the rocks when the region was de- 
pressed at least 200 feet l)elow its jiresent level, and during an ap- 
parently somewhat warmer period which followed on the heels of 
the great glaciation of the region. This agrees well with the evi- 
dence furnished bv the forest, which also shows at least a small 
amount of oscillation accompanying the ri»cent small glacial ad- 
vance. 

l)ISINTE(JRATIOX OF THE ROCKS AROL'ND MIJIR (i LACIER. 

ItH ammint. — The rapidity with which the rocks of this vicinity 
disintegrate is very great. This however is much more true of 
the slate mountains than of tho.se of limestone or diorite. The 
fissured condition of the n)cks is a powerful aid to the ordinary 
disintegrating agencies which operate in high latitudes and cm 
high mountains. The piles of debris that have accumulateil 
since the retreat of the glacier are astonishing, considering the 
shortness of the time that has elapsed. Such masses are already 
beginning to accumulate, on the surface of the gravels, at the 
bases of the steep mountain slopes adjoining Muir inlet, although 
the ice can have retreated from them but a comparatively few 
years ago. Passing down the bay tliey increase much in size, and 
connect with debris strt»ams lying in the gullies. In the Dirt 
glacier valley the great rapidity of this disintegration is \m^X 
shown. The pnictically motionless ice occupying this end of the 
vallev is covered for its full half mile of wi<lth with from two to 
four fei*t of slatv debris, which increases to a verv considerable 
thicknc»ss near the sides of the valley. The larger part of this 
debris has fallen fnmi the mountain sides, and in a not very great 
space of time. Such debris is also found to great extent around 
l*yramid peak. * 

* This is in accord with Mr. 1. ('. Kussoll's ob-iervations in southerQ 
Alaska. Hull. Gcol. Sue. Am. Vol. I, p. l-^."). 
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Dt-hrls OH ghicu'r-swept mouutfiins. — In general the mountain 
slopes over which the ice has moved are swept prett}' bare of loose 
material. On the other hand such material is always present to a 
certain extent. It is largely transported material, left there by 
the melting ice. Sometimes, as on H, where there is much loose 
material, it is clearly native and has not been removed. The 
mountain slopes all around the eastern portion of the amphitheatre 
lire covered with a great amount of such material, extending for a 
considerable distance below the surface of the ice. Some of this 
is foreign material left on the slopes of the mountains 
Its the ice decreased in hight, but a considerable propor- 
tion has disintegrated since the ice covering has been re- 
moved, and is yearly moving down the mountain sides 
iiided by avalanches and spring floods, completely filling 
the gap slow I}' forming between the mountains and the ice. This 
ailso indicates the inertness of the ice of that portion of the glacier, 
the melting being more rapid than its slow flow away from its 
highest point. Even in more rapidly moving portions of the 
glacier this same phenomenon is manifested, as along the sides of 
uunatak H, and in the upper, portion of the Dili glacier valley. 

Size of inoraencit on Mnlr glacirr, — This great rapidity of dis- 
integration, and its excessive rapidity in the case of the slates is 
further indicated by the great size of the moraines on Muir 
glacier, especially those on the eastern ix>rtion. These lie like 
great embankments on the surface of the ice, are often of very 
considerable width, and contain an enormous amount of material 
most of which was supplied by tin* disintegrating mountain peaks 
along the sides of the old valley glaciers which supplied the ice 
now lying here. The whole surface of this portion of the glacier 
is thinly covered with fine dirt and sand, partialh' supplied by 
winds but largely embedded in the ice. The large amount of dis- 
integrated material that must have existed in this basin and which 
the glacier has removed, together with that constantly supplied 
during its existence would seem ample to account for the material 
that the glacier has brought, and is now bringing, down to Glacier 
l>ay, judging by the present rate of disintegration. The smaller 
size of the moraines on the central and western portions of the 
glacier is readily accounted for. The branches from the west and 
northwest are adjoined by (juartz-diorite mountains which dis- 
integrate much less rapidly than the slates, being fissureil less 
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abundantly aiul more unc<iually. In the central part of the glacier 
most of tlie raorainie material disappears down the crevasses. The 
effect of the transition fn)m smooth to rough ice on the appear- 
ance of the moraines is well shown on those which come down just 
to the west of H. After a crevasse is formed the sun melts back 
its north wall rapidly, (juickly converting a broad ridge of ice into 
a very sharp one, changing the appearance of the ridges (luickly. 
and causing most of the moraine load to lie droppcn!. * 

Surfitvv Fcdtnrra producfd />»/ Muir (ihicit r. Sttrfacr jirotfiiceif 
OH ridgva at riyht miyhs to the mnvrm*nt. — On all the mountain 
slopes which Muir glacier h:is overrun, a tendency toward the 
pn)duction of a surface consisting of small, shallow valleys st»p- 
aratiMl l)V low ridges is seen, lK)th trending in the direction in 
which the ice has moved. This configuration of surface is most 
marked on narrow ridges whose long axes make an angle appn>ach- 
ing 1K)° with the direction of ice movement. Nunatak G, the 
ridge l)etween the Western branch and the IHing glacier valley, 
and in a less degree the northerly spurs of Mt. Wright, present 
excellent exampk»st. The pnxluction of such surfaces in this 
region depends on the presence and distribution of the tissun* 
planes. Weathering takes place along these planes to varying 
depths, resulting in the loosening of V shaped blocks of varying 
sizes. After such decay has lK>en in progress for a considerable 
length of time, a glacier riding over the ri<lge and removing 
loosened material will tend to leave a surface comiH)SiHl of ridge- 
like pn)jections with shallow depn»ssions lK»tween. This will 1k» 
the mon» marked the more nearly the trend of the fissures coin- 
cides with the dirwtion of the ice. Such a surface could scarcely 
lx» produced if th(» angle lH»tween these two was a considerable 
one. Kven without the presence of the fissure planes it is con- 
ceivable that then* would Ik» a tendency toward the prcMluction of 
such surfaces in n»gions where nn'k decay had taken place U> 
varying depths. Hut no such cause canlK» assigned here lHH.*au.He 
the nipidity of disintegration prevents decay in place. 

Ijiihn. — On the tops of all the low mountains lK)nlering Muir 

* In respect to the size of its moraines Muir glacier seems to be aD 
exception to the generality of Alaskan glaciers that I have myself seen 
or have seen described. Compare 1. C. Russell, Hull U. S. Geol. Sur. 
Vol. I, p. 151. 

tJuHt such surfaces are figured by John Muir in his paper in the re- 
port of the cruise of the Corwln In the Arctic ocean — 1885— on the 
glaciation of the region. 
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glacier over which the ice has swept, diininutive lakes occur. 
Two are found on nunatak H, five or six on 0, several on the 
spurs of Mt. Wright, others on the ridges on the western side of 
the inlet, occasionally one on the islands in the hay. Thev occupy 
small depressions or basins on the tops of these ridges. 
Thn)Ugh a large part of the year these are filled with snow, but 
in all those observed this snow entirely disappears during sum- 
mer. Some of these small basins are dry for a part of the sum- 
mer, but in the case of most of them, either snow or water is 
found throughout the year. They depend solely on the precipita- 
tion for their water supply, and the loss is by evaporation mainly. 

They are all very small, only a few yards in diameter and with 
no great depth. Some of them clearly occupy rock basins, rock 
in place l)eing readily traced all round them, the pn)of that ice has 
filled the basin being furnished by the stria* which run in at one 
end and out at the other. Other lakes have a pf)rtion of their 
shores formed of glacial debris. The conclusion cannot be avoided 
that these hollows were the work of ice. In most cases the method 
of their formation seems clear. They mainly lie in the small val- 
leys on the mountain ridges, whose origin has been referred to,* 
occupying the most depressed parts of those valle\'s. The ice mov- 
ing down this slope must have impinged with great force at the 
lK)ttom, tending to the proiluction of a hollow, especially if aided 
by a somewhat greater amount of loosening of the blocks than 
usual. The sides of these valleys are not planed smooth by the 
ice, but present surfaces of considerable n)ughness. 

The rough edges have uniformly Ikhmi somewhat smoothed, but 
the character of the surfaces seems to me to clearly show that the 
valleys and the basins have been forme<l by the removal of 
IcKwened blocks, leaving a rough jagged surface whose edges have 
l>een smoothed and i)olished. 

The ishnuh in Glacitr half. — Several low islands project from 
the waters of Glacier bay, two of them occuring in Muir inlet. 
V\Kn\ them all. the two in Muir inlet especially, the ice must have 
exerted great force, for the}' lie directly in its path at a time when 
it was hemmed in lietween high rocky walls. MortH)ver the ice, 
in Muir inlet at least, had just passed from a wide amphitheatn* 
into a narrow valley, in which last it must have moved with con- 
siderably accelerateil velocity. As a natural result the n)cky 

*Se6 ante. 
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walls of this gap and the low crags occurring in it as islands an» 
smoothed, polisheil and striated in a high degree. On the islands 
especially, beautiful examples of strije occur, following every lit- 
tle irregularity which the sides present. Striae ascend and de- 
scend, both straight and obliquely ; curve in various ways and in 
various planes; occur on the lower side of overhanging surfaces: 
not uncommonl}^ produce beveled edges. The ice evidenth' fitte<l 
itself to them like a glove. This local character of the strift! on 
the mountains, in or adjoining the path of the ice is a noteworthy 
feature throughout this region, and very important in its liearing 
on the nature of the movement of glacial ice, close to the lx)ttoni 
and sides of its valley, showing a great complexity of movements <le- 
pending on the configuration of the surface. Often the most in- 
significant obstacles suffice to cause a change in the direction of 
the stria;. The finest example of striation in the region 'is fur- 
nished by the small limestone island in Glacier bay on which fos- 
sils were found. The whole island is covered from end to end 
with the freshest and prettiest strite one could wish to see, and 
examples are furnished of nearly all the variations that stria? can 
exhibit. 

The y ravels along Muir inlet. — These gnivels have l)een descrilKHl 
in a previous part of this paper, with mention of the fact that the 
ice overruns them, and of the evidence that it formtu'ly did so in 
great mass and for a considerable lapse of time. 

These deposits are es.sentially unprotected and lie in the nar- 
rowest part of the narrow gap in which the ice must have exerte<l 
its greatest forci\ Yet in the last advance of the glacier over this 
spot a considerable thickness of these unconsolidated de)>osits 
wiis not removeil. t 

0/<i Hitr/acf /eatHrcx not ohlitrrafrd. — On the mountains in Muir 
glacier })asin from which the ice has recentU* retreateil, durfat'e 
features are occasicmally observable which seem incompatible with 
the theory that glaciers vigorously (»rode hanl rcxik. For example 
on the cast side of H, along and over which ice of great thickness 
must have moved, a gully exists running down the side directly at 
right angles to the direction in which the glainer is moving. This 
gully has no great width nor depth. It is inconceivable that ice 
moving along the sides of such a mountain should cut out a 
gully of the kind running down the mountain directly at right 
t See G. F. Wright. Ice age in North America, p. 203. 
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angles to the movement of the ice. On the contrary had the 
glacier been vigorously eroding the mountain side its tendency 
would have been to obliterate the gully by grinding down the 
sides to an equality with it. That the gully was filled with ice 
moving along it and at right angles to the motion of the main 
mass is shown by the perfectly' preserved strice in the gully having 
that direction, while the striae on the mountain sides close at hand 
have the direction of the main movement. Granting the erosive 
IK)wer of glacial ice, the slow moving tongue of ice in the gully 
could have had little erosive power compared with the great mass 
sweeping over it along the side. Hence the erosion should have 
caused its disappearance. That the glacier has done little more 
than to remove the loosened rock and polish the resulting surface 
is shown in a vast number of localities here by the character of 
that surface. Where the ice has been forced through a narrow 
gap the sides of that gap are planed to a pretty smooth surface. 
Where it has run against an obstruction in its path it has 
prett}' thoroughly polished the «^>«« side. Otherwise the surface 
presented is a somewhat jagged one with the rough edges pol- 
ished but not much planed down, showing that after the loose, 
fissured material was removed, leaving a somewhat pitted surface, 
the ice was even unable to obliterate the traces of the cavities 
from which the last blocks were removed. This naturally is more 
especially true of the harder eniptives than of the softer rocks, 
and such surfaces are well shown on G and H. 

Sediment brought down hif Mtrfamx. — Estimates of the amount 
of material brought down by the glacier are difficult to obtain 
owing to the fact that the material is all carried into the sea. that 
the number of sub-glacial streams is not known, and that there is 
no evidence that those which issue from the ice directlv into the 
water carry as much sediment as those which issue from the cor- 
ners and flow through the gravels. I could find no evidence incon- 
sistent with the supposition that the debris falling on the surface 
of the ice yearly, together with the previously disintegrate<l 
material which the ice has removed and is removing is amply 
sufficient to account for all the detritus deposited at the front of 
the glacier. The amount of material in sight on the surface of 
the glacier is enormous. 

Rock biMsintt. The manner of occurrence of the small rock 
basins found in the district has already l)een given, together with 
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the evidence that they have been scooped out by the ice. Even 
this however, at least in the case of all which I saw, does not seem 
to me to necessitate the theory of the great erosive power of ice. 
AH these basins which I saw lie in small valleys on the mountain 
tops whose presence seemed to depend on the fissure systems and 
on the varying depths to which loosening of blocks had taken 
place. They lie at the foot of slopes down which the ice moved 
impinging with unusual force at its base, where the greatest 
amount of polishing and striating has taken place. 

Those who hold the power of glaciers to vigorously erode hard 
rock under most circumstances it seems to me take an indefensi- 
ble iK)sition. At Muir glacier, in just the position where the 
greatest en>sion would naturally be ex|)ected, soft gravels have 
l>een undisturbed by the ice. The key setting forth when glaciers 
will erode and when not, is certainly lacking at present. 

It is very advisable that a prolonged and detailed study of Muir 
glacier should be undertaken. It is a comparatively large glacier 
rapidly dying out, and presents an admirable opportunity for 
studying the behavior of a large glacier under such circumstances. 
Such work could not fail to prove of great value. 



PLEISTOCENE PAPERS AT THE WASHINGTON 

MEETINGS. 

The following brief notes of pai)ers treating of the Pleistocene 
or (flacial period are arranged in the onler of their presentation 
bi»f<>re the three successive scientific meetings in Washington, D. 
C August 17th to Septeml)er 1st, 1891. 

American Association for the Ai>vance.\ient of Science. 
Section K. Geology and (iEographv. 

Sonrvti of supply to late red and medial moraines. By John 
T. (\vMPBELL. A short pajx^r. describing moraines in Indiana. 

Post(jhtci(d anticfinal ridges near Rijdey and Cafedonia, \efr 
York. By (f. K. Gilbert. In Ripley, the most western town- 
ship of New York l)ordering lake Erie, a cliff of Devonian shale 
forming the lake shore displays a small anticlinal disturbance of 
the IxhIs, which at the surface are raised in a ridge six or eight 
feet high. This disturbance extends down in gradually diminish- 
ing amount through the 40 feet to the lake level. Imt apparently 
not much lower. Like other small ridges of Devonian shale in 
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uortbwestem Ohio, and of Trenton limestone in northern New 
York, they are shown to have been formed after the departure of 
the last ice-sheet, and are attributed to the postglacial rise of 
temi)erature and consec][uent expansion of the rocks. 

Another locality of somewhat similar phenomena is at Lime 
Kock, close west of Caledonia and near the east line of LeRov, 
Oenesee county, N. Y. A great number of small anticlinal ridges 
there seen are postglacial, but they differ in type ^nd probably in 
origin from the foregoing. They are mainly parallel with each 
other and with the strike of the strata, and the anticlinals are 
usually unsymmetric and much fractured. The surface rock is 
Comiferous limestone, underlain by Salina shales, in which a few 
miles northward the drill has discovered a bed of salt. Strongly 
saline springs show that here salt and gypsum are being removed 
from the shales somewhat rapidly by underground drainage, and 
31 r. (fillwrt concludes that the overlying limestone sinks in large 
masses, and that the ridges are the superficial phenomena of the 
partings of these blocks. 

In the discussion of this paper. Prof. E. W. Clavpole spoke 
^)f the irregular sinking of the surface in the salt mining district 
of Cheshire, England, whereby buildings and chimneys are 
<:ause<l to lean and fall if not rebuilt. 

J^rocetfxe^ of mountidn-building and their relationship to the 
rarth'ft contraction. By Warren Upham. The concluding part 
^>f this paper ix)inted out the evidences of unusual activity of 
the forces which produce folding of mountain ranges, eruption 
of lavas, and epirogenic uplifts and subsidences, during the 
Pleist<x*ene period, in comparison with previous geologic time 
since the end of the Pala?ozoic era. To this Pleistocene or Glacial 
|)eriod l)elong much plication and uplifting of the Coast range, of 
the St. Elias range, of the Sierra Nevada, Wahsatch, and other 
Basin ranges, and much of the grand outpouring of lavas from 
Lassen Peak and Mt. Shasta northward along the Cascade range 
and eastwanl to the Yellowstone National Park. 

In the ensuing discussion, Prof. Joseph LeConte referred to 
the proofs of great Pleistocene uplifts of North America, shown 
by river channels submerged by the sea to depths of 2,000 to 
:*, 000 feet on both the Atlantic and Pacific coasts. 

On the cranial characters of Eqiius e.ccefsus Leidy. By E. D. 
Cope. Exhibition of the skull of an extinct horse from the 
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Equiis beds of western Texas, with which stone implements are 
also found, embedded in the same stratum. This skull was 
broken in upon the forehead, as if by a rounded stone used as a 
weapon ; and it was suggested that the prehistoric extinction of 
the genus Equus on this continent, as also of other large Pleis- 
tocene animals, may have resulted from their chase and slaughter 
for food by the contemporaneous savage tribes of men. 

Exliihition of certain hones of Megalonyx not before knoicn. 
By James M. Safford. The bones were recently found em- 
bedded in earth on the floor of Big Bone cave, in eastern Tenne- 
see. They include the pelvis, and supplement the collection of 
Megalonyx bones long ago found in the same cave and described 
by Leidy. It is therefore likely that the two collections represent 
the same individual. The lateness of extinction of this animal 
is indicated by portions of the cartilage of the joints still adher- 
ing to the bones. 

Prof. E. D. Cope, in discussion, stated that Megalon3'x appears 
to have been an exclusively North American genus. 

On the probable existence of a second driftless area in the Mis- 
sippi basin. By R. D. Salisbury. This area lies in the space 
between the Mississippi and the Illinois river near the mouth of 
the latter stream, and is comprised in Calhoun county and the 
southern part of Pike county, Illinois. Its extent is perhaps 500 
square miles. Hundreds of good sections observed on the high 
summit plain of this area and at heads of its ravines show no 
glacial drift or till. On its bordere the drift is attenuated^ like 
the tracts of the early drift sheet bordering the Wisconsin drift- 
less area. The topographic features of ciistellated rock cliffs and 
pinnacles are similar in both these areas. The surface of this 
smaller driftless area is mostlv loess, from 15 to 50 or 60 feet in 
thickness; and this is often seen to rest conformably on a gravel 
and sand deposit, which may be the representative of the La- 
favette formation or Orange Sands. 

The Cincinnati ire dtnn. Bv Frank Leverett. Examination 
of the Ohio valley during this summer shows that fine silt over- 
lies the till along the valley l)oth above and below Cincinnati. 
This silt constitutes a continuous formation, and must he 
ascribed to deposition during a time of very gentle drainage sub- 
sequent to the retreat of the ice-sheet from its extreme limit, 
which crosses the Ohio river into Kentuckv as traced bv Prof. 0. 
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F. Wright. The ice dam which Wright and others supposed to 
have turned the Ohio temporarily out of its valley, so as to flow 
around the ice- front, producing a lake above Cincinnati, was not 
the cause of this silt deposit, nor of the conspicuous terraces of 
the Ohio, Monongahela, and Allegheny rivers, which are of 
fluvial origin, sloping in the same directions as the present 
streams. 

Prof. J. W. Spencer, in discussion, stated his belief that de- 
pression of the land to the sea level accounts for the silts of these 
valleys and for the Pleistocene shore lines about the great lakes 
tributary to the St. Lawrence. 

President T. C. Chamberlin replied that in basins sloping 
northward the receding ice-sheet, pausing at many stages which 
are marked by moraines, was a barrier holding these lakes at the 
higher levels of their ancient beaches. 

The attitude of the eastern and central portions of the United 
States during the Glacial period. By T. C. Chamberlin. The 
deposition of loess in the lower Mississippi valley was contem- 
poraneous with the maximum extension of the ice-sheet in this 
basin, during the earlier great epoch of glaciation. The attitude 
of the land was then low, with ver}' slack drainage, allowing this 
fine silt to lie spread by broad river floods or in shallow lakes. 
A long interglacial epoch followed, in which the Mississippi basin 
was moderatel}' uplifted, with increasing amount toward the north. 
Great erosion of the loess and of the underlying gravel and sand, 
formerly called Orange Sand but now named the Lafayette forma- 
tion, took place during this interglacial time. The waters flowing 
from the ice-sheet and terminal moraines of the later glaciation 
carried much gravel, sand, and fine silt into the channels of trib- 
utaries of the Mississippi, and along the broad, deeply eroded 
valley of this river, showing conditions of drainage similar to 
those of the present time. On the Atlantic coast marine clan's 
overlying the till in southern Maine, along the St. Lawrence, and 
in the basin of lake Champlain, proved that during the maximum 
advance of the ice-sheet and its recession the land was depressed 
somewhat lower than now. President Chamberlin therefore con- 
cludes that the Ice age was not attended by any high elevation of 
these regions. [See this paper in the Nov. Geologist.] 

Mr. Warren Upham, in discussion, noticed that this paper 
treated only of the closing part of the epochs of glaciation. when 
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the ice attained its farthest limits and especially when it was 
rapidly retreating. He thought that the view presented first by 
Dana, in his address as retiring president of this Association in 
1855, is more probable, namely, that a great elevation of the 
country, shown by fjords and deepl}' submerged valleys, at- 
tended and caused the ice accumulation; that the time of de- 
parture of the ice was one of depression, which we now recog- 
nize to be due to the vast pressure of the ice itself; and that 
there has lieen a partial re-elevation since the Glacial period. 

Neocene and Pleintocene continent movements. AV J McGee. 
Changes in the relative hights of land and sea on the coastal 
plain of the southern Atlantic states during the later part of the 
Tertiar}' era and in the Pleistocene period are shown by the Ches- 
apeake, Lafayette ( formerly called Appomattox), and Columbia 
formations. The Chesapeake formation, consisting of fine sands 
and clay, of Miocene age as known by its fossils, was deix)8ited 
during a marine submergence of the coastal plain and t*dge of 
the hilly Piedmont belt. After an interval of moderate uplift 
and erosion, the next overlying Lafayette formation, considenMl 
provisionally as Pliocene, was de[>osited, consisting of gravels, 
sands, and fine loams. These are referred to marine sedimenta- 
tion of the tribute brought by inflowing rivers fn>m the adjacent 
Piedmont and Appalachian belts, the amount of submergence 
l>elow the present sea level being several hundred feet. No fos- 
sils, however, are found in this formation. Directly following 
the time of the I^afayette deposition, a prolonged stage of high 
land elevation is shown by deep channelling of the Lafayette 
beils, and by great erosion of gorges in the hilly and mountainous 
l)elts on the we«t. The next epoch of dei)osition is the Colum- 
bia, correlated with the earlier glacial eix)ch, when gravels, sand, 
clay and loam, destitute of fossils and enclosing occasional ice- 
floated lK)ulders, wert» deposite<l along the river valleys and ijver 
considenible areas of the coastal plain. This formation is re- 
gartUni as evidence of estuarine and marine submergence, <le- 
creasing from a depth of fully 400 feet in the latitude of New 
York to 150 feet at Washington and perhaps 75 f(»et in the lati- 
tude of Cape Hatteras, but thence increasing to alnnit 700 fei^t 
on the Savannah, again diminishing to less than 50 ftH»t at Mobile 
bay, and again incn»asing farther westward and northwestward. 
The Columbia dei)osition, like the Lafayette, was immediately 
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followed by a stage of greater elevation than now, with active 
erosion. 

Prof. K. W. HiLOARD, in discussion, described the cross-l>ed- 
ding or **flow and plunge structure " of the J^afayette formation 
along the Mississippi valle}', attributing it to fluvial instead of 
marine deposition. The size of its pebbles on the lower Missis- 
sippi indicates for the river during the Lafayette epoch a gradient 
which would place the northern portion of its basin probably' 
3,000 feet higher than now. 

Prof. C. H. Hitchcock referred to the marine l>ed8 of Maine, 
the St. I-*awrence, and lake Champlain, enclosing arctic species of 
shells, as proof of subsidence of that region while the climate of 
the Glacial period still lingered there. 

Mr. Upham regarded the Lafayette and Columbia formations 
as fluvial deposits spread upon the coastal plain during epochs of 
plateau -like high altitude, and correlated these formations re- 
spectively with the first and second great glacial epochs. Before 
each of these stages of continental elevation, the Piedmont and 
Appalachian regions had long lain at lower altitudes, and their 
surface was largely occupied by residual clays and by alluvial 
sand and gravel. With the elevation of the region, increase<l 
rainfall and snowfall and resulting river floods swept away these 
superficial materials from the mountain valleys and spread them 
on the plain, where the streams expanded over broad areas with 
shallow and slackened currents. AVhen soon the supply of ma- 
terial decreased, the streams cut deeply into this plain. The 
Indo-Gangetic plain, south of the Himalayas, was cited as an 
analogous fluvial formation of vast extent and rising from the 
sea level to an altitude of more than 900 feet. 

-1 stiuly of the foasil avlfainui of the Silvtr LaA-r reijum. Ort- 
yoit. By R. W. Siiufeldt. Man\' lx)nes of birds are found in 
the Equus l)e<ls of this district. Al>out fifty species of birds are 
<letermined, of which fifteen or sixteen are extinct, the propor- 
tion being nearly the same as of the associated mammalia. 
Nearly all are water binls, but the prairie hen was also abundant. 
Among the extinct species are a flamingo, a heron, a raven, and 
a blackbird. 

The highest old shore line on Mackinac inland. l^y F. H. Tay- 
lor. Five well-marked beach ridges of gravel and sand are 
found on this island, adjoining the strait lx*tween lakes Huron 
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and Michigan, at bights from 170 to 205 feet above the level of 
the lakes and strait. Proceeding thence alK>ut forty miles south- 
westward to Petoskey, the highest of these beaches gradually 
declines to about 100 feet, having a gradient of 2^ feet per mile; 
but beyond Petoskey it falls only six inches per mile. Higher 
shore lines are found on the mainland, but not on this island, 
which attains an altitude of altout 300 feet. 

Striiv and SlickeiiKides at Alton, lUinoix. By J. E. ToDD. 
Descriptions of superficial striw, and of slickensided rocks 
exposed by quarrying. The two were regarded b}- the speaker 
as of similar origin, and therefore not indicative of ice action; 
but Prof. Salisburv and Mr. Leverett, who had also seen these 
stria?, confidently regard them as glacial marks. They are situ- 
ated within the drift-l)earing area, near its boundary. 

Geolochcal Society of America. 

On the (^ ante man/ chantjvn of level in Scandinavia. By 
Baron Gerard de Geer, of Stockholm, Sweden. Fossiliferous 
marine beds and former shore lines, overlying the till, occur in 
Sweden and Norway, increasing in hight toward the interior of 
the country. The greatest elevation at which they have heen 
found is 800 feet, and a CH)ntinuation of their gradient to the 
axial area of the Scandinavian ice-sheet would imply a maximum 
depression of the land there to a depth of fully 1,000 feet. At 
the time of this occupancy of the lower portions of the country' 
by the sea, not more than one two-hundredth part of the ice re- 
mained still unmelted. In places shallow straits stretchetl across 
southern Sweden, but the enlarged Baltic sea on the east side of 
this {KMiinsula was only brackish, lacking much of the saltness of 
the ocean. After this submergence, the land was uplifteil some- 
what higher than now, perhaps as much as 100 feet; and the cli- 
mate or at least the temj)erature of the sea was warmer than now, 
as is shown by southern species of shells in the kjnkken-m?k1- 
<lings. Another depre.ssi(m of the land ensued during the early 
part of the Neolithic age. when there was a marine submergence 
to the extent of 100 feet at Stoekhohn and alx)ut200 feet in some 
other parts of southeastern Sweden. The first and greater de- 
prt»ssion closely attended the latest glaciation, and in some places 
reached its maximum after the retreat of the ice; and the second 
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depression, within Neolithic time, was probably only a few thou- 
sand years ago. 

Muir ghicier and itH vicinity. By H. P. CusHiNO. An inter- 
esting description, with lantern illustrations. The rate of glacial 
motion near the border, according to Mr. Cushings measurements, 
is four to eight feet per day, being much less than the rate deter- 
mined by AV right for the more central portions of this famous 
Alaskan glacier. [See this paper, p. 207.] 

The present standing of the several hypotheses of the cause of 
the Glacial period. By Thomas C. Chamberlin. The restric- 
tion of the great areas of Pleistocene glaciation to one side of 
the northern hemisphere for})ids our receiving the ingenious 
astronomic tlieory of the late Dr. Croll as an adequate explana- 
tion of the causes of the Ice age. Also, from the line of argu- 
ment employed by the speaker in his previous paper before the 
American Association, the theory of high uplifting of the land 
to account for the ice accumulation seems equally untenal)le. 
An elevation of 10.000 or 15,000 feet would prol)ably be re- 
quired, and this great uplifting must be shown to have been con- 
temi)oraneous and co-extensive with the glaciation. Therefore, 
finding no evidence of such continental elevation, the most prob- 
able theory is believed to be that of changes in the position of 
the earth's axis and its poles, })ringing the glaciated countries into 
high latitudes with arctic climate. A paper presented before the 
astronomic section of the American Association at this meeting 
by Prof. George C. Comstock, on -'The secular variation of ter- 
restrial latitudes,'" shows that a slow change in the place of the 
north pole is now in progress and has amounted to four and a half 
seconds during the past century. Such movement of the j)ole 
may have been more rapid during the Glacial period. If the 
north pole were transferred fifteen or twenty degrees toward the 
south end of Greenland, the drift-covered areas of North America 
and Europe would be l)rought into latitudes favorable for their 
envelopment by ice. 

Prof. C. II. Hitchcock, in discussion, suggested that the sun's 
heat may have ]>een variable, being considerably diminished dur- 
ing the glacial epochs. 

Prof. N. S. SifALER distrusted the explanation by movement of 
the earth's axis, and inclined instead to believe that geographic 
changes during the Glacial period induced cool and humid cli- 
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mates, with abundant snowfall but not excessive cold, where the 
ice-sheets were accumulated. 

Mr. Warren Upham referred to recent calculations by Prof. 
T. G. Bonney, that a decrease of about fifteen degrees in the 
mean temperature of Europe and North America might reinstate 
a glacial epoch. For this change, according to obser\'ations of 
mean temperature as dependent on altitude, an elevation of 5.000 
feet, or probably even of 3,000 feet, would sutfice. Fjords of 
Arctic and northern shores of all glaciated regions, the continua- 
tion of the Hudson valley to a depth of 2,800 feet below the sea 
level, and wiually deep submerged valleys on the coast of Cali- 
fornia, demonstrated by Le Conte to lielong to the Pleistocene 
period, show that the uni(|ue Tee age was closely attended by a 
very remarkable epirogenic uplifting of this continent. Two so 
wonderful geologic episodes probably sustained causal relations 
to each other, the great elevation being the cause of cool climate 
and ice accumulation. Such geographic changes seem also more 
likely to come on rapi<lly, to cease by ensuing depression, and 
afterward to Ih» renewed, than would seem iK)ssible for changes 
of the poles. The prt»sent rate of change of the north pole is 
about 450 feet during a hundred years, l»ut the distance that it 
should Ik» removed to procbice each glacial eiK)ch of the two or 
more recognized within the Pleistocene [period is 1,000 or 1,500 

miles. 

On thv nortlnrni'tl ami vnntivanl v.rte.nsinn af Pre- Plei^tfteene 

l/rareh hi th' baniu of the MiHsiHsippi. By R. D. SALISBURY. 
The Lafayette formation is found to extend beneath the glacial 
drift in western Illinois al>out 100 miles northward from the drift 
lK)undary, to the vicinity of K(»okuk, Iowa. Farther to the north, 
at Rock Island, the same formation is known to have existetl. for 
pebbles of its gravel occur in the drift. Some of the gravels of 
the <lriftless area in Wisconsin are probably also of Lafayette age. 
In the Ohio basin the Lafayette gravel contributed to the drift as 
far eastward as the southeast corner of Indiana. 

On Cf'i'tftin rxtra-mordiinv ilrift plntunnvna ttf \eir Jcrsry, By 
R. D. Salisbirv. Deposits of undoubte<l till have I K*en discov- 
ered five to twentv miles south of the terminal moraine which 
was mapiKHl aljout fourteen years ago across northern New Jersey, 
and which has since lK*en supposed to be the extreme limit of 
glacial action. The lM>ulders and smaller rock fragments of this 



till are much decayed and colored by oxidation of their iron. 
A large proportion of them yet show glacial striation, and this i» 
notably true of the occasional masses of soft shale, which could 
not endure water tmnspoilation. In one place the till lies on a 
highland 800 feet alwve the moraine, which is there three miles dis- 
tant to the north. The thickness of this extra-morainic till ranges 
from 30 to 70 feet, as shown by sections and wells. Judging from the 
contrast in their degrees of oxidation, this till appears to be surely 
ten times and quite probably fifty times older than the moraine. 

Inequality of dUtrihution of the eii(/htcial drift. By Warren 
^ Upham. The detritus which was contained within the ice-sheet, 
called englacial drift by president Chamberlin, is very unequally 
distributed. Tracts in New England, New York, Minnesota, and 
Manitoba, were described, some of them notable for the abun- 
dance and others for the scantiness of the englacial drift. Its 
amount or average thickness held within the ice at the time of its 
final melting and then exposed on the ice surface, as on the 
present Malaspina glacier at the foot of the St. Klias range, is 
estimated to have varied, in the northern Ignited States and in 
Manitoba, from almost nothing to about forty feet. The rela- 
tionship of the englacial drift to the terminal moraines, and the 
forms in which it was deposited during the departure of the ice, 
namely, as englacial till, perched blocks, kames, osars or eskers, 
valley drift, loess, and deltas of glacial lakes or of the sea, were 
briefiy noticed. 

Dfjio ration and deforniafioH of alhirial deposita in N^eic Eng- 
land, By H().MER T. Fuller. Effects of drought and winds on 
sandy river terraces, producing dunes since the clearing of the 
original forest, were descril)ed; and the speaker recommended 
the re- foresting of many of these tracts. 

On a deep horintj near Akron, Ohio, and itn siijnlficancv. By 
E. W. Claypole. a preglacial or interglacial channel of the 
Cuyahoga river in the south part of Akron, now filled with silt, 
has a depth of HJ)0 feet. In another channel somewhat farther 
east and tributary to the foregoing, a boring this summer passed 
through about 150 feet of gravel, in which, near the underlying 
rock-l)ed, a stone arrow-point was foun<l. 

International (teolooical Con(;kkss. 

The second day of the Congress was devoted wholly to discus- 
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•sion of the classification of Pleistocene formations. President 
CiiAMBERLiN Opened the discussion by remarking that it is poBsi- 
ble to classif 3' these deposits upon three bases: 1. Structural; 
2. Chronological; H. Genetic. He then presented, in printed 
form, a ' • Proposed genetic classification of Pleistocene glacial 
formations.'' The general classes were noted as follows: — 

I. Formations produced by direct action of Pleistocene 
glaciers. 

II. Formations produced by the combined action of Pleis- 
tocene glaciers and accompanying glacial drainage. 

III. Formations produced by glacial waters after their issu- 
ance from Pleistocene glaciers. 

W. Formations produced by floating ice derived from 
Pleistocene glaciers. 

V. Formations produced by shore ice and ice floes due to low 
Pleistocene temperature, but independent of glacier action. 

?VI. Formations produced by winds acting on Pleistocene 
glacial and glacio-fluvial deposits under the peculiar conditions of 
glaciation. 

The first class includes (1) subglacial till, drumlins, and sub- 
marginal or lodge moraines, these l>eing products formed at the 
base of the glaciers; (2) dump moraines, englacial till, and 
medial moraines, these being products derived from material 
lK>rne on the glaciers and within them; and (3) push moraines, 
and lateral moraines, these Innng products of the mechanical 
action of the inlge of the ice. 

Tnder the second class are osars. kames, oven^'ash aprons, and 
other tracts of assorteil drift. 

The thinl class comprises valley drift, loess, and deltas formed 
in lakes or the sea. 

The tj'iH? of the fourth class is glacio-natant till, which is sup- 
ix>sed to be deiK)sited in glacier- fringing lakes or in the ocean. 

In the fifth class are various shore ridges, littoral deposits, and 
•off shi)re deiM)sits. 

Ti) the sixth class dunes and eolian loess mav In? referre<l. 

In discussion of this scheme of classification. Prof. Albert 
0.\ri>RV s(x>ke of the Quaternary faunas of the Paris basin, of 
England. (lermany, and Italy, some of which impl}* cold and 
others warm climatic c<mditions. 

Pn>f. H. Credxkr and Banm i>e (t ekr appn>ved the foregoing 
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classification; but the latter would distinguish the marine de- 
posits as a separate class. 

Prof* T. McKenny Hughes explained the abundance of 
striated boulders in one part of the glacial deposits and their 
absence in another. If the supply of material ( that is, of rock 
masses projecting above the ice ) ceases at any point, then all the 
boulders will gradually sink through the ice and become glaciated 
at the bottom. He thought it advantageous to distinguish long 
gravel ridges by the name osars, and short ridges and knolls as 
kames. He expressed his opinion that the Ice age was a single 
continuous cold period, in England at least, except for slight 
and unimportant oscillations in the extent of the ice-sheet. It 
was probably introduced by a stage of very high land eleva- 
tion. 

Dr. F. Wahnschaffe preferred a chronological classification.. 
In northern Germany the ground -moraines of two distinct glacial 
epochs are separated by fossiliferous sand and gravel of inter- 
glacial age. 

Prof. H. Credner thought these stratified beds between de- 
posits of till to be merely local, indicating some retreat and read- 
vance of the ice-sheet but no interglacial epoch. 

Prof. A. Pavlow urged the need of a more satisfactory defini- 
tion of the Pleistocene period. 

Baron de Geer recognized two glacial epochs in Sweden, due 
to two great oscillations. These cannot always be separated, as, 
for instance, in Russia. For this reason it is best to commence 
with a genetic classification, since this causes less confusion to 
the field geologist. 

Dr. Wahnschaffe replied to Prof. Credner's assertion that 
there is no proof of an interglacial epoch in northern Germany. 
He thought that the existence of a diluvial fauna between the two 
tills is sufl3cient proof. 

Prof. Credner replied that no complete skeleton has been 
found, but only single bones which may have been transported 
and deposited with the gravel. 

Dr. Wahnschaffe again replied that the bones occurring in 
these gravels are proportionately large, when compared with the 
gravels, and therefore cannot well have been transported from a 
distance. 

Prof. N. S. vShaler stated that organic deposits may occur 
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very near the ice-sheet, which allows an interweaving of organic 
and glacial dei)Osits. 

Mr. (t. K. GiLBERTremarkedthat in Alaska, according to Mr. I. C. 
Russell's observations, the waning ice-sheet l>ecome8 covered with 
drift and even with a growing forest, in which bears and other ani- 
mals live. 

Pr. Carl Diener suggested that intercalated beds of sand are no 
positive proof of interglacial epochs. In the Austrian Alps moraines 
no more than twenty 3'ears old are coverecl with pasture, and in 
the Caucasus the rhododendron grows to the very edge of the ice. 

Dr. N. O. HoLST mentioned two moraines separated by inter- 
l)olated sand, and thought that they might both have been formed 
by the same ice-sheet. The melting of the ice leaves an unoxi- 
dized ( blue ) ground-moraine, with an overlying oxidized ( yellow ) 
upper moraine. This also occurs in northern Sweden, where 
there is no indication of a retreat of the ice. 

Baron de Geer could not understand the occurrence of thirtv 
or forty feet of stratified sand between two moraines of the same 
glacial eix>ch. The colors are sometimes the reverse of what has 
Ijeen stated bv Dr. Hoist, and the I moulders in the two moraines 
have been derived from different sources. 

Mr. James C. Christie descri I )ed the section of peat and silt be- 
tween two layersof till,occumngon the river Clyde alx)ve Glasgow. 

Mr. Henry M. Cadell reported five distinct laj'ers of till oc- 
curring in a preglacial river channel in eastern Scotland; and also 
mentioned another river channel, filled with coarse gravel derived 
from rocks occurring farther north in Scotland, which was covered 
with a later laver of boulder clav. 

Mr. W J McGee mentioned the importance of land forms in 
interpreting geologic processes. Any primary geologic classifica- 
tion must be genetic, but he preferred a comprehensive scheme of 
cltLssification of all Pleistocene formations, whether of glacial or 
other origin, making thus five classes: A. Aqueous; B. Glacial: 
C. A(pieo-glacial ; D. Eolic; and E. Volcanic. 

President Chamberlin, in closing the discussion, said that 
there is great difficulty in applying a chronologic classification, 
and that such a classification mav even act as a barrier to observa- 

ft 

tion and to the recognition of tlu^ truth. Chronologic classifica- 
tion is the ultimate goal of glacial studies, but it is something for 
which we are not as yet prepared. Bed, oxidized subsoils are 
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not developeil in northern latitudes. Organic deposits between 
glacial layers are abundant in the West, but do not belong to a 
single horizon. Many facts of erosion and physical geology in- 
dicate that the Glacial period in America was widely differentiated 
and of long duration. How many distinct epochs it embraced we 
do not as vet know. 

Prof. K. D. CoPK asked leave to add a remark concerning Pleis- 
tocene palaH)ntology. An abundant tropical fauna is found in the 
Equus l>eds. If these are of interglacial age, there is indicated 
for that time a very warm climate. This fauna is succeeded by a 
truly lK)real fauna. These may become the basis of a chronologic 
sulxlivision of Pleistocene deposits. 

l)r. Hans Reuscii, of the Geological Survey of Norway, ex- 
hibited slabs of sandstone l)earing Palieozoic glacial striae and 
furrows, from the Varangcr fjord (noticed in the A.M. (tEolooist, 
vol. VII. p. 888, June, 181H). 

During the aftermjon of a later day of the Congress, some of the 

geologic features of the country to be traversed by the western 

excursion, which started immediately after the adjournment, were 

<iescril>ed. The Pleistocene topics were the following: President 

CiiAMBERLiN, ou the series of terminal moraines, the driftless 

area of Wisconsin, the recession of the falls of St. Anthonv, the 

glacial lake Agassiz, etc., and Mr. Gilbert, on lake Bonneville, 

whose area will be entere<l by the railway excursion part}' through 

Cache vallev, the old outlet of that lake, and on the recession of 

the falls of Niagara, which will be visited after returning from the 

Far West. 

Under the courteous guidance of Mr. N. H. l)ARTON,of theUniteil 

.States Geological Survey, many of the meml)ers of the Congress 
examined sections of the Potomac, Severn, Pamunkey, Chesapeake, 
Lafayette, and Columbia formations in Washington and its vi- 
cinity' and along the lower course of the Potomac river or estuary. 



EUITOEIAL COMME^T. 



The Ixtersational Coxorkssof (TE0i.or.i8TS. Wabuixgtox Meeting. 
The late session of the International Congress, while an im- 
jX)rtant event which will l>ear fruit in the near future conducive 
to the progress of the science of geology, cannot be said to take 
efjual rank with those which have preceded it. It afforded great 
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pleasure to iiuraeroiis American geologists to meet the continental 
geologists of Europe, with whose work they had l)ecome familiar, 
but whose faces they had never seen, and to grasp by the hand 
some of those whom they had previously known only through the 
exchanges of formal correspondence. But the English-speak- 
ing American, while heartily welcoming the small number of geol- 
ogists present from Great Britian, was much disappointed that 
the meeting was largely ignored by the lx)dy of English geolo- 
gists, lie was still more surprised that his English-speaking 
cousin, who dominates the American continent from the great 
lakes to the northern pole, should have but two nominal represen- 
tatives. Not one official geologist of either Great BriUiin or 
(Canada attended the congress. This anomalous and significant 
fact may l>e susceptible of an explanation which will not impli- 
cate any one in any unpleasant manner, but at the present time 
it bears the prinm /urif evidence of some common cause, by 
reason of which our nearest allies preferred to express their 
sense of disapproval by dignified non-attendance. 

From (Jermany there was a large delegation — twenty-three 
geologists — , from Mexico three, from Peru one, Koumania two 
(each accompanied by his wife), from Russia eight, (Prof. Pavlow 
also had his wife with him), from Sweden four, Norway one, Bel- 
gium three, Switzerland two, Austria-Hungary three. Chili one, 
and from Fmnce five. From the Tnited States one hupdre<l ancl 
forty-eight were registered (including ladies), of whom fifty-three 
are connected with the Tnited States Tieological Survey. Ten 
active •* state geologists " were present, and other state sur\'eys 
(Michigan and Kentucky) were represented by geologists em- 
uloved thert»on. Fn>m New York citv six attende<l, and from 
other parts of New York state eleven. FiT)m Philadelphia came 
six, and. from other parts of Pennsylvania three. There were 
four from Baltimore, and none fn)m other parts of Maryland. 
New Hampshire and Vermont each sent one. Massachusi»tts sent 
fourteen, Connecticut four, and Rhode Island two. There was 
one present from New Jerse\\ one from Virginia, and one from 
\Vi*st Virginia. Two registered fn)ni North Can»lina, and one fn>m 
South (^irolina. There was one each from Florida, (ieorgia, Arizona 
and Alabama, and threi* came fn)m Texas. From Arkansas three 
were present, fix)m Missouri five, from C\>lorado, S. Dakota, Kan- 
sas and Nel)raska one each, and from (California four. Ohio sent 
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six, Indiana and Minnesota each one, and Iowa and Illinois five 
and four respectively. Michigan had three representatives, Ken- 
tucky one and Tennessee one, and Wisconsin four. From the Dis- 
Irict of Columbia there were sixty-three members of the congn»ss. 
The congress wius organized by the election of the following: — 

BUREAir. 
I^residtnts d' hotuunr. 
James Hall. James 1). Dana. 

PlTHldfllt. 

J. S. Newberry. 

1 Ivc Prrstdett ts. 

Allemanoe — K. von Zittel and H. Credner. 

AxoLETERRE — T. McK. Ilughes. AuTRiciiE — E. Tietze. 

AusTRALiE — Arch. Liversidge. Beujique — K. Van der Hroeck. 

(^AN'ADA — J. C. K. Laflamme, Thos. Macfarlane. 

(^HiLi — F. I. San Roman. Honorie — Joseph von Szab/». 

Danemark — F. Johnstrup. Indes — F, R. Mallet. 

KcossE — H. M. Cadell. Irlaxde — A. Sollas. 

EsPAGNE — M. F. de Castro. Italie — G. Uzielli. 

Franxe — A. Gaudry, Mexique — A. del Castillo. 

Chas. Barrois. 
NouvelleZelande — F. Hutton.XoRVEcJE — II. Reusch. 

Portugal — J. F. \. Delgado. Suede — Gerard de (Jeer. 

RouMANiE — G. Stefanescu. Suisse — II. (tolliez. 

RussiE — Th. Tschern\*schew. Etats-Txis- Joseph Le Conte. 

F. Schmidt. J. W. Powell. 

A. Pavlow. Raphael Pumpelly. 

*SVf • I'Httt ins ge. n era h .r . 

H. S. Williams, S. F. Emmons. 

S*'creftn'rf'S. 
J. C. Branner, Emm. de Margerie, 

G. IL Williams, F. Freeh, 

C. Diener, Whitman Cross. 

resorifr. 
Arnold Mague. 

The following abstract of the pn)ceedings of the congress is 
taken from the daily printed record kept by the secretaries, and 
is ••subject to revision.'' 

SESSION OF AUG. 27,1891, 11.40 A. M. 

Prof. Joseph Le Conte, Vice-President, in the chair. 
As there were no reports of committees, the discussion on the classifi- 
cation of Pleistocene deposits was at once entered upon. 
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Prof. T. C. Chamberlin opened the discussion by remarking that it was 
possible to classify these deposits upon three bases: 1. Structural; 2, 
Chronological; 3. Genetic. 

A scheme of classification according to genesis was offered to the Con- 
gress in printed form and explained at length. 

Prof. Gaudry spoke as follows: In the Parisian basin there are two 
different horizons distinguished by different faunas; the one indicating a 
cold, the other a warm climate. It is, however, impossible to decide 
which of these two periods was the earlier. In England the same con- 
dition of affairs is to be observed. In Germany there is but one Quater- 
nar}' fauna, which indicates a cold climate, whilst in Italy the fauna of 
the cold period is absent. 

Prof. H. Credner: The north German plain contains deposits closely 
related to those of the Pleistocene in America. Prof. Chamberlin*s 
classification is admirable and wholly applicable to Germany. 

Baron de Geer expressed his approbation of the classification proposed 
by Prof. Chamberlin. lie had for some years been advocating a similar 
classification for Scandinavia. A few minor alterations might be sug- 
gested to suit Scandinavian conditions; for instance, the marine deposits 
might be made a separate class; classes IV and V of Prof. Chamberlin 
could, perhaps, be reduced to sub-classes under III, as the formations 
f reciuently seem to be accidental or local. He agreed with the distinction 
suggested between osars and kames; that is, that the former are in the 
main radial and ttie latter peripheral with reference to the distribution 
of land-ice. 

Prof. T. McK. Hughes pointed out that the classification given by Prof. 
Gaudry was purely chronological, whereas that suggested by Prof. 
Chamberlin was purely genetic. He then explained the abundance of 
striated boulders in one part of the glacial deposits and their absence in 
another. If the supply of material (that is, of rock bosses above the ice) 
ceases at any point, then all the boulders will gradually sink through th» 
ice and become glaciated at the bottom. Prof. Hughes also thought 
that two distinct types of ridges formed of glacial material were con- 
fused under the names: kames, osars and eskar. He also explained the 
"pitted plains" as due to an unusual interruption between the hills or 
ridges of eskar character. He expressed his opinion that the glaciai 
period was a continuous one, in England at least, except for slight 
changes due to unimportant oscillations. 

Dr. Wahnschaffe advocated the chronological classification, and con— 
sidered such a one possible for the Quaternary deposits of north Ger- 
many. These deposits begin with pre-glacial sands and gravels contain - 
ing Pdludina r/i7f/riVi/i<i, which is still a living form and Liiogl^phu^ 
nntoroiiU'H. Above these follows a typical ground -moraine which i* 
overlaid by stratified sand and gravel, containing the well-known diluvlm. 
fauna; and to these again succeeds the upper till, considered now as tii.« 
ground-moraine of the second glacial epoch. 

AFTEIINOCJN 8ESSION. 

Continuance of the same discussion. 
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Prof. H. Credner: The occurrence of the sand between two ground. 
inoraineB indicates a retreat and second advance of the ice sheet. Such 
Interpolated sands are in Germany always local and no proof of a real 
interglacial epoch. The sand layers between the moraines are not con- 
tinuous, but local, and cannot be given the significance attributed to 
them by WahnschafFe. 

Prof. Pavlow: In order to secure a satisfactory classification of Qua- 
ternary deposits, we must secure a satisfactory definition of Pleistocene. 
Prof. Pavlow said he would like to give his own views, but would post- 
pone them until such accepted definition had been arrived at. 

Baron de Geer agreed with Wahnschaffe that the chronological class- 
ification is at least locally possible. He also recognized two glacial 
epochs, due to two great oscillations. These cannot always be separated, 
as, for instance, in Russia. For this reason it is best to commence 
with a genetic classification, since this causes less confusion to the field 
geologist. 

Dr. Wahnschaffe replied to Prof. Credner's assertion that there is no 
proof of an interglacial period in northern Germany. He thought that 
the existence of a diluvial fauna between the two tills is sufficient proof. 

Prof. Credner replied that no complete skeleton had been found, but 
•only single bones which might have been transported and deposited with 
the gravel. 

Dr. Wahnschaffe again replied that the bones occurring in these 
gravels are proportionately large, when compared with the gravels them- 
selves, and therefore cannot well have been transported from a distance. 

Prof. Shaler: Organic deposits may possibly occur very near the ice 
sheet, which allows an interweaving of organic and glacial deposits. 

Mr. G. K. Gilbert remarked on the observation of I. C. Russell in 
Alaska, that where the movement of the ice is very sluggish, it may 
l)ecome covered with soil, or even with a growing forest, in which such 
animals as bears still live. 

Dr. Diener remarked that intercalated beds of sand were no positive 
proof of interglacial periods. In the Austrian Alps moraines no more 
than twenty years old are covered with pasture, and in the Caucasus the 
rhododendron grows to the very edge of the ice. 

Dr. Hoist mentioned two moraines separated by interpolated sand and 
thought that they might both have been formed by the same ice sheet. 
The melting of the ice leaves an unoxidized (blue) ground-moraine, with 
an overlying oxidized (yellow) upper moraine. This occurs in northern 
Sweden where there is no indication of a retreat of the ice. 

Baron de Geer could not understand the occurrence of thirty or forty 
feet of stratified sand between two moraines of the same glacier. The 
colors are sometimes the reverse of what has been stated by Dr. Hoist, 
and the boulders in the two moraines have been derived from different 
sources. 

Mr. Christie described the section of peat and silt between two layers 
•of till, occurring on the river Clyde, above Glasgow. 

Mr. Cadell described some five distinct layers of till occurring in a 
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pre-giacial river channel in eastern Scotland; and also mentioned another 
river channel, filled with coarse gravel derived from rocks occurring 
farther north in Scotland which was covered with a later layer of l>oulder 
clay. 

Mr. McGee mentione(\ the importance of land forms in interpreting 
geological processes. Any primary geological classification must be 
genetic. He discussed in detail the following scheme of classification of 
Pleistocene deposits: 

CluHsifimtion of Pleistocene For/tuitions and Land Forms. 

A. Aqueous: 

1. Below base level. 

a, Marine. 

b, Estuarine. 

c, Lacustral. 

2. At base level. 

a. Littoral. 

b. Marsh. 

c. Alluvial (certain ten aces, etc.). 

3. Above base level. 

a. Torrential. 

b. Talus (including playas). 

B. Glacial: 

1. Direct. (Chamberlin*s class I.) 
8. Indirect. (Chamberlin's classes II to V, in part.) 
0. Aqueo-Glacial: (Chamberlin's classes II to V, in part.) 

D. Eolic: (Chamberlin's class (?) VI.) 

E. Volcanic : 

1. Direct. 

a. Lava sheets. 
, b. Cinder cones. 

c. Tuffs, lapilli sheets, etc. 

2. Indirect. 

a. Ash beds. 

b. Lapilli sheets. 

Prof. Chamberlin, in closing the discussion, said that there was great 
difficulty in applying a chronological classification, and that such a. 
classification might even act as a barrier to observation and to the recog- 
nition of the truth. Chronological classification is the ultimate goal of 
glacial studies, but it is something for which we are not as yet prepared. 
Red, oxidized sub-soils are not developed in northern latitudes. Organic 
deposits between glacial layers are abundant in the West, but do not 
belong to a single horizon. Many facts of erosion and physical geologj* 
indicate that the glacial epoch in America was widely differentiated and 
of long duration. How many distinct periods it embraced we da not 
as yet know. 

Prof. Cope: An abundant tropical fauna is found in the "Equus beds," 
which, if they be of interglacial age, indicates at this time a very warm 
climate. This fauna is succeeded by a truly boreal fauna. In this is 
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<!ODtaiDed material for a chronological sub-division of Pleistocene 
deposits. 

8E88I0N OF AUG. 28, 1891, 11:40 A. M. 

Prof. J. Le Conte, Vice-President, in the chair. 

Announcements by the General Secretary, Mr. S. F. Emmons, relative 
to the minutes of yesterday and to various excursions. 

Announcement by major Powell in regard to the essays on correlation 
to be published as bulletins of the U. S. Geological Survey. 

The President then announced as the subject for discussion, the Cor- 
relation of Geological Formations. 

Mr. Gilbert opened this discussion by presenting a general classifica- 
tion of methods of correlation. 

Strata are locally classified by superposition in chronologic sequences. 
Geologic correlation is the chronology of beds not in visible sequence. 
For convenience in discussion, methods of correlation are classed in ten 
groups, of which six are physical and four biotic. 

PHYSICAL METHODS OF CORl^ELATION. 

1. Through Wsible continuity. The outcrop of a bed is traced from 
point to point and the different parts are thus correlated one with 
another. 

2. Strata are correlated on account of lithologic similarity. This 
method, once widely prevalent, is used where the distances are small. 

3. Correlation by the similarity of lithologic sequence has great and im- 
portant use where the localities compared fall within the same geologic 
province, but it is not safely used in passing from province to province. 

4. Physical bre^iks or unconformities, have a limited use, especially 
in conjunction with other methods. The practice of employing them in 
the case of localities wide apart is viewed with suspicion. 

5. Deposits are also correlated with their simultaneous relations to 
some physical event; for example, a beach with the lake beds it encircles; 
a base level plane with a contiguous subaqueous deposit ; and alluvial, 
littoral, and subaqueous deposits standing in proper topographic relation. 
In the Pleistocene, glacial deposits are widely correlated with reference 
to a climatic episode assumed to arise from some general cause. 

fJ Deposits are correlated through comparison of changes they have ex- 
perienced from Geologic processes supposed to be continuous. Newer 
and older drift deposits in different regions are correlated according to 
the relative extent of weathering and erosion; induration and metamor- 
phlsm afford presumptive evidence of age, but yield to evidence of other 
character. Metamorphism holds prominent place in the correlation of 
Pre-Cambrian rocks where most methods are inapplicable. 

These physical methods are qualified by the geographic distribution 
of Geologic processes of change and of geologic climates. 

BIOTIC METHODS OF CORRELATION. 

7. A newly-discovered fauna or flora Is compared with a standard 
series of faunas and floras by means of the species it holds in common 
with them severally. 
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8. It is also compared by means of representative forms, or through 
genera and families. 

la and %a. These comparisons are strengthened if two or more faunas 
in sequence are found to be systematically related to the faunas of a 
standard series. 

9. Two faunas or floras otherwise related are compared in age through 
their relation to the present life of their localities. This method was ap- 
plied by Lyell to Tertiary rocks. 

10. Faunas are correlated by means of their relation to climatic 
episodes, taken in connection with station. For example, boreal shells 
found in latitudes below their present range are referred to glacial time. 

In general the limitations to accurate correlation by biotic methods 
arise from the facts of geographic distribution. Correlations at short 
range are better than those at long range. 

Biotic correlation by means of fossils of different kinds may have 
different value. In general, the value of a species for the purposes of 
correlation is inversely as its range in time, and directly as its range in 
space. The value of a biotic group depends (1), on the range of its 
species in time and space; (2), on the extent to which its representatives 
are preserved. 

Prof. K, von Zittel spoke in reference to the biotic methods and gave 
his opinion of the relative value of plants and animals for purposes of 
correlation. He regarded plants as relatively unimportant. Among 
animals those which are marine, lacustrine and land animals may be 
distinguished. Of these classes marine invertebrates are most value- 
able for purposes of correlation. The vertebrates change rapidly but are 
frequently altogether wanting. For instance, no vertebrates occur in the 
Alpine beds corresponding in age to those which contain the mammalian 
fauna of the Paris basin. In certain lacustrine deposits invertebrates 
may be absent, and in such cases the vertebrate fauna is the surest guide- 
Baron de Geer emphasized the importance of a numerical comparison 
between different species. The actual counting of individuals in a given 
formation is of great value. 

Prof. Marsh expressed his agreement in general with the conclusions 
communicated by Prof, von Zittel, but would give special weight to 
vertebrate fossils. lu tlie Mesozoic and Tertiar}- beds of the Rocky 
Mountains he had found that the vertebrates offer the surest guide for 
correlation. This is in part because invertebrates are either wanting or 
are lacustrine. Prof. Marsh in 1877 named a sequence of horizons 
after the most characteristic vertebrate genus in each which is confined 
exclusively to it. He presented an outline of such classification brought 
down to date with a section to illustrate vertebrate life in America. 

AFTERNOON SESSION. 

Mr. C. D. Walcott spoke of the value of plants for purposes of geo- 
logic correlation. 

Prof. T. McK. Hughes spoke of the present and growing tendency 
toward a natural classification. The evidence is complex and includes a 
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considerable variety of diverse relations. He pointed out exceptions to 
the normal conclusions deduced from superposition, lithological char- 
acter, and similarity of sequence. We must have a system of criteria so 
varied that if one or more fails others can be employed. All classes of 
evidence are useful, both positive, negative, and circumstantial. 

Major J. W. Powell spoke of the necessity of specialization on the 
part of geologists engaged in the work of correlation. The evidence 
derived from physical and biotic facts might apparently disagree. But 
that a satisfactory result may be reached, these two classes of evidence must 
be brought into harmony. He cited an example from his own experi- 
ence of how an identification of synchronous formations might be made 
over a wide area through a union of physical and biotic methods. 

Mr. W. J. McGee remarked that in the costal plain of the United 
States physical correlation alone is employed. The bases accord with 
those outlined by Mr. Gilbert with certain minor modifications and an 
important addition, as follows: 

I Visible Continuity; 
For local dincrimination and correlation - Litholoeic nimilarity; 

{ Similarity of nequence. 

For correlation throughout the province j ^^'^'^and'topoli^aphy .'^ *' ^"'"''^' ""^ geography 

Relation to physical eventu, 

For correUtion with contiguous provinces, including continental movementn, 

" trauHportation of materialH, 

land Hculpture, etc. 

For general correlation, - - - Ilomogeny or identity of origin. 

By correlation upon these bases the physical history of a considerable 
fraction of the continent may be so definitely ascertained as to permit 
fairly accurate mapping of the geography, and even the topography of 
each episode in continent growth. After these episodes are clearly de- 
fined, and the fossils found in the formations are studied, it will be pos- 
sible definitely to ascertain the geographic distribution of organisms 
during each episode, then paleontology may be placed on a new and 
higher plane. 

Prof. W. M. Davis showed that it was possible to decipher geological 
history not only through the records of deposition, but also by processes 
of degradation. As an example of this method he explained a topo- 
graphical section from the city of New York westward. In this we 
have evidence bf the existence of an ancient ^''penephdiij'* or base-level 
lowland of Cretaceous age. This surface was subsequently elevated 
(more toward the west than toward the east) at the end of Cretaceous, or 
at the beginning of Tertiary time. It has since been dissected by the 
excavation of more recent valleys. The Hudson valley lowland was 
cited as an example of this recent dissection. 

Prof. E. W. Claypole considered that the different methods of geologic 
correlation differed very greatly in their value. It is improbable that the 
plant or mammalian record will ever equal in its perfection that of the 
marine invertebrate fauna. The marine fauna is to the geologist what a 
primary triangulation is to the geodosist. It marks out the main divi- 
sions, which are subsequently further subdivided through the aid of 
other fossils, such as plants and vertebrates. 
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Prof. C. 11. Van Hise spoke of the methods of correlation employed for 
pro-Cambrian rocks, which occur in widely separated areas and are 
devoid of fossils. Physical data only are available for correlating these 
formations. Experience has shown that among all physical methods, 
unconformity is by far the most important. Other physical criteria, such 
as the degree of induration, metamorphism, and relation to eruptires, 
are valuable for the subdivision of single areas, but cannot be safely 
used in identifying synchronous formations in widely-separated areas. 
The idea that lithological character is any direct proof of geological ag« 
has retarded the scientific subdivision of pre-Cambrian rocks. The re- 
searches of Pumpelly and others in the eastern United States have 
demonstrated that Silurian, Devonion, and even Carboniferous deposits 
might become, under certain physical conditions, as highly crystalline as 
much more ancient rocks of the West. For this reason it has been found 
necessary to abandon such term as Iluronian and Keweenfuca n. Evidences 
of life are not lacking in pre-Cambrian rocks, and it is to be hoped that the 
paleontologist will succeed in differentiating several separate formations 
below^ the Cambrian, as the Cambrian itself was differentiated from the 
base of the Silurian. 

SESSION OF AI^G. 29, 1891, 10 A, M. 

Prof. Albert Gaudry, Vice President, in the chair. 

Mr. S. F. Emmons, General Secretar}', made announcements. 

M. Alexis Delaire presented two communications in behalf of prince 
Roland Bonaparte relating to the phenomena of the Aletsch glacier and 
upon an excursion to Corsica. 

Prof. Chas. Barrois presented a communication on behalf of Prof. 
Michel Ldvy upon the geologic history of the Auvergne volcanoes, con- 
taining a classification of eruptive rocks as represented by symbols. 

Prof. E. W. Hiigard laid stress upon the importance of the abundance 
or scarcity of species in the correlation of strata. He thinks some 
quantitative estimation of the species should be made. He is of the 
opinion, also, that as compared with marine fauna, plants have but little 
value, for purposes of correlation owing to their local distribution, their 
accidental proximity to water, transportation, and preservation. Plants 
can be so used only after large areas are worked over. 

Prof. Zittel was called to the chair, and Prof. Lester F. Ward then con- 
tinued the discussion. He developed two of the more general princi- 
ples of correlation by means of fossil plants, as follows: 

I. That the great types of vegetation are characteristic of the great 
epochs in geology. 

This principle is applicable in comparing deposits of widely different 
age when the stratigraphy is indecisive. For example, even a small 
fragment of a Carboniferous plant proves conclusively that the rocks in 
which it occurs are paleozoic, or a single dicotyledonous leaf proves 
that they must be as late as the Cretaceous. 

IJ. That for deposits not thus widely different in age, as for example, 
within the same geologic system or series, ample material is necessary 
to fix their position by means of fossil plants. 



Edltorhd Co)i}iite)it, 253 

Neglecting this principle has led to the greater part of the mistakes 
of paleobotanists, and has done most to bring paleobotany into disre- 
pute. Geologists have expected too much of them, and they, in turn, 
have done violence to the truth in attempting to satisfy extravagant de- 
mands. On the other hand, where the material is ample, fossil plants 
have often corrected the mistakes of stratigraphical geologists, and 
solved problems concerning geologic age, which seemed impossible of 
settlement by any other class of evidenc^e. 

Mr. Chas. I). Walcott spoke upon the correlation of the Cambrian 
rocks of North America. The principles used now are the same as 
those used by the New York survey prior to 1847 except that those 
principles have been somewhat modified by the theor\' of evolution. 
Both physical and biotic data are available in the correlation of the 
Cambrian rocks on the Atlantic coast, of the Rocky Mountain areas, and 
of the interior continental plain. Throughout the Appalachian prov- 
inces the physical data suffice to correlate the Lower Cambrian from 
Vermont to Alabama, but such data are not sufficient to correlate it with 
that North of the St. Lawrence valley. The correlation of the deposits 
of the Appalachian and the Rocky Mountains troughs were by biotic 
data alone, and of the great extent of the Upper Cambrian over the 
continent the biotic data correlated the Rocky Mountain Upper Cam- 
brian with that of the interior and the Appalachian area. 

The correlations made indicate that in Lower and Middle Cambrian 
time a great continental area existed over the interior, and all the Cam- 
brian sediments were accumulated in troughs west of the Appalachian 
and Rocky Mountains. In Upper Cambrian time th»i interior of the 
continent sank beneath the ocean, and the sandstones of the upper Cam- 
brian were deposited, and the result of these correlations add a chapter 
to the history of the evolution of the North American continent. 

Prof. James Hall spoke of the difficulties encountered in the earliest 
attempts at correlation of the rocks even in the state of New York. 
He urged the importance of taking into consideration both physical and 
faunal characters of the rocks. In some cases, however, the physical 
characters of the rocks change greatly in passing from one region to 
apother- -sandstones grading into limestones, and limestones into shales 
— and these beds may also vary greatly in thickness. Fossils are of 
unequal value in such correlations; Lamellibranchs are near shore forms 
and fail in deep water; they are not, therefore, so valuable as Brachio- 
pods, which have a wider distribution, for purposes of correlation. 

Prof. Henry 8. Williams laid stress upon the relations of species to 
the conditions of deposition. The abundance of a species varies with 
environment, and a studv of correlation should embrace a studv of 
these conditions. Sandstones deposited near shore may have a fauna 
different from that of a limestone deposited off shore at the same time, 
and a change of fauna may be induced by a change of the conditions of 
deposition. The age of beds should be determined by comparing 
species of the same genera rather than by comparing those of different 
genera. There are centres of abundance which exhibit great variability 
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in their characters; outside of these centres the species exhii)it varieties 
which may be caiied extra-iimital, and which are not typical though 
they have often been published as types. 

Dr. F. Freeh said that in comparing the middle paleozoic fauna of 
Europe with that of North America, there were two principal points of 
especial interest: 

A. The identity of some comparatively small horizons. 

B. The far greater difFerences that exist in these same beds. 
The similar faunas are — 

1. That of the Niagara and of the Wenlock shales. 

2. In the Upper Devonian the Rhynchonella of the Tully limestones 
and the Goniatites of the so-called Naples beds. 

3. The Goniatites at the base of the Carboniferous in Iowa, in Spain,, 
and in middle Germany. 

The Hamilton fossils are of especial interest because we have on the 
Rhine, in the so-called Lennenschiefer, a fauna of the same facies. 
But while these rocks were deposited under similar physical conditions,, 
the number of identical species in the two countries is very small, and 
there are many n^enera in each country not found in the other. All the 
Lower Devonian is wanting in European Russia and part of it is want- 
ing in middle Germany, but the great physical change w^hich followed 
is sufficient explanation for the differences which characterize the junc- 
tion of the Devonian and Silurian. 

Prof. Barrois thinks it impossible to compare in detail American and 
European rocks. Some individual zones of the American series can be 
correlated with European horizons, but it is (^uite impossible to estab- 
lish in detail the identity of other and adjacent zones. 

Prof. C. R. Van llise spoke of the distribution, character, and succes- 
sion of the pre-Cambrian sedimentary rocks of North America. A\\ 
rocks are regarded as pre-Cambrian which are earlier than the Olenellus 
fauna. These rocks contain the evidence of abundant life as shown by 
thick beds of carl>onaceous shales, by various distinct fossils, and in 
many other ways. When a less highly developed fauna is found, as 
different from the Cambrian fauna as the Cambrian is from the Silurian, 
it is best to give this fauna a new name. 

There are in many areas in North America great thi(rknesses of little 
altered pre-Cambrian sedimentary rocks. In many regions these rocks 
have been separated into series by wide-spread unconformities, and 
these series have been farther divided into formations. Some of the 
more important pre-Cambrian regions are Lake Superior and I>ake 
Huron, Central Arizona, New Brunswick, Newfoundland, Southwestern 
Montana. As an illustrative example of the successions may be cited 
the (irst. In this area the descending order is Lake Superior sandstone 
( Potsdam), unconformity, Keweenawan, unconformity, upper Huronian, 
unconformity. Lower Iluronian, unconformity, basement crj'stalline com- 
plex. Each of these series is divided into several formations. 

In individual regions it is possible to correllate series and formations^ 
upon a physical basis. In different regions the series have variable 
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lithological characters and unlike successions. Because of the absence 
of a well-known pre-Cambrian fauna it is impracticable at present to 
make correlations in far-distant regions. Hence the term Algonkian 
has been proposed by the United States Geological Survey to cover the 
whole of the pre-Cambrian elastics. No working geologist in America 
now holds the indivisibility of the pre-Cambrian in all regions. 

If the foregoing conclusions are correct, the invariable succession ad- 
vocated by Hunt, evolved almost wholly within the laboratory, is value- 
less. It is shown to be untrue at one or more fundamental points by the 
observed order of the rocks in everj' region in which there are tolerably 
full successions. 

Prof. R. Pumpelly confirmed the obser\'ations of Prof. Van Hise in so 
far as he had been over the ground mentioned. He referred especially 
to observations made in the Green mountains, where in one locality 
metamorphism has completely masked the original character of the 
rocks, and thus rendered impossible correlation by lithologic characters. 
As an example he cited a formation which is a quartzite, at one point, 
a white gneiss containing new feldspars at another, a conglomerate with- 
out any schistose structure at another, and a mica schist at a fourth 
locality. 

Prof. Chas. Barrois, referring to the remarks of Prof. Van Hlse, said 
that there was no general basis, either biologic or lithologic, for the 
correlation of the pre-Cambrian rocks of Europe with those of North 
America; even the terms applied to these rocks were liable to be mis- 
understood. Certainly the divisions used in France cannot be correlated 
with those now used in tlie United States. General correlation cannot, as 
yet, be based upon non-conformities; autopsy is the only basis upon which 
a comparison can be instituted. He pointed out certain parallelisms 
between the histories of the crystalline schists of America as illus- 
trated by Mr. Pumpelly and the gneissic rocks of Brest, where the Cam- 
brian slates are altered to gneisses of Archaean aspect, while the alternat- 
ing fossiliferous quartzites are changed to crystalline quartz. Geologists 
must see the beds together in order to reach a common understanding of 
the crystalline rocks. 

Dr. Chas. A. White was called upon, but in view of the divergence of 
the discussion from the topic as originally taken up, excused himself 
from speaking upon the subject. 

I*rof. E. D. Cope discussed the question from a general point of view 
with especial reference to tlie value of vertebrates for purposes of corre- 
lation, particularly for inter continental correlation. He pointed out that 
there is a marked difference in the present vertebrate faunas of conti- 
nents, and that the variation of such forms must be sought in vertical 
rather than in horizontal ranges. Such study shows that we have had 
invasions of a given region by a fauna from without; for example, a 
South American fauna invaded North America at one time and then 
retreated, while a North American fauna once invaded South America 
and traces of it still remain in that countr}'. He is inclined to believe 
that certain vertebrate forms did not spread over the earth from a single 



256 The American Geologist, October, I8»i 

place of origin, but that they originated at different places upon the 
earth. We have parallelism in separate places, but the parallelism is 
defective in the Laramie. 

Mr. G. K. Gilbert was of the opinion that many methods of correlation 
must be used. He doubted the trustworthiness of the correlation of non- 
fossiliferous rocks by comparative change, ev^n locally. He thought the 
abundance and scarcity of fossil forms comparable with lithologic differ- 
ences, and considered the simple occurrence of a species as valuable for 
purposes of correlation as its abundance. 

Prof. Van Hise explained that the distinction between the Algonkian 
and the Archaean has not been widely made in Europe, because there, as 
in the Appalachian region, later and powerful dynamic movements have 
repeatedly occurred. 

Prof. E. D. Cope added that life in its progress on the earth differed from 
minerals and rocks in that it has its own laws, which give it an indepen- 
dent element. 

Announcements were made by Secretary Emmons, and the meeting 
adjourned at 1 o^clock until 11 o*clock a. m. Monday, August 31st. 

SESSION OF AUG. 81, 1891, 11:25 A. M. 

Prof. James Ilall, Vice-President, in the chair. 

Announcements were made by Mr. S. F. Emmons, General Secretary. 

Subject for discussion: Map-coloring and Cartograph}'. 

Major J. W. Powell exhibited charts illustrating the color system used 
by the U.S. Geological Survey, explained the methods of using the colors, 
and gave the reasons for them. The colors assigned to rocks of different 
ages are as follows: 

Period. Period rtlor. Mark. 

1. Neocene Orange N. 

2. Eocene Yellow E. 

I}. Cretaceous Yellow-green . . K. 

4. Jura Trias Blue-green 

5. Carboniferous Blue C. 

0. Devonian Violet D. 

7. Silurian Purple 8. 

8. Cambrian Pink 

0. Algonkian Red A. 

The colors are used to designate geologic periods, patterns of these 
colors designate formations ; minor divisions are usually relegated to the 
text. The number of patterns for designating formations can be 
indefinitely enlarged, l)ut follow a definite system. 

Mr. Joseph Wilcox showed that in the scheme described by major 
Powell the colors were not evenly distributed through the chromatic 
scale. 

Prof. C. R. Van Hise pointed out that Archivan rocks are shown by a 
brown underprint, and that m»-tamorphic rocks of known age are given 
the color of the corresponding unaltered rocks. 

Major Powell explained that it was not attempted to select colors 
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equally distributed through the chromatic scale, but to use those that 
may be most readilj' recognized. 

Mr. H. M. Cadell asked why black and gray were not used. 

Major Powell replied that blue was used in place of the dark shades 
for the Carboniferous ; that dark colors are misleading in regard to the 
occurrence of coal, which occurs in the Cretaceous and Tertiary as well 
as in the Carboniferous. 

Mr. Christie found the black color very inconvenient because it often 
made the details of the map covered by such colors illegible. 

Mr. H. M. Cadell said that the maps of the Geological Survey of Great 
Britain were colored by hand, atd that the system used by the U. S. 
Geological Survey could not for this reason be economically employed. 

Major Powell explained that the U. S. Survey system is very econom- 
ical when the color patterns are transferred to stones. 

Prof. T. McK. Hughes thought it very difficult to devise a scheme that 
will meet the demands of everyone. Some reference must be had to the 
permanence of the colors, the readiness with which they can be applied,, 
and the distinctness with which they show what is desired. He thinks 
the fittest scheme must survive. 

Mr. S. F. Emmons made announcements. 

On motion of major Powell, the program for the afternoon was 
changed so that the geology of the country to be traversed by the long 
excursion might be briefly described by those the most familiar with it. 

Adjourned till 2:30 P. M. 

On re-assembling at 2:30 P. M., Prof. Le Conte in the chair, brief 
lectures were given by Prof. Chamberlin, Mr. Gilbert, major Powell, and 
Mr. Emmons upon the geology of the country to be traversed by the long 
excursion. 

Adjourned at 4:40 P. M. 

As may be seen from the foregoing, the Congress was occupied 
with the problems proposed for discussion by the Committee of 
Organization, as was announced in the Geologist (Vol. viii, p. 
62 ), but there was an apparent lack of orderly preparation and 
of consistent succession in the proceedings from day to day. 
For instance, the topic which was expected, according to the pro- 
gram announced by the Committee of Organization, to come hist, 
was called up ihe first thing the first dai/, and parties who might 
have wished to participate in the discussion were thereby pre- 
vented, or were obliged to offer their facts undigested and per- 
haps unarranged, or without the graphic illustrations which they 
otherwise would have employed. It was quite evident, also, that 
some of the gentlemen who led in the discussion of the daily 
topics were compelled to do so on too short notice. It might be 
well for future Committees of Organization to assume more 
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thorough direction of the doings of the Congress, as least so far 
as to see that parties are at hand with well prepared papers to 
bring the topics of discussion fully before the Congress. It is 
manifest that each new ''Bureau '* elected after the session opens, 
is in no degeee prepared to provide for this necessary guidance of 
the deliberations of the Congress. It is a precaution which ought to 
J)e taken several months, or perhaps several years, before the Con- 
gress convenes. The practice of national '' nomenclature re- 
ports," which in this case might have been correlation reports, 
from the countries participating in the Congress, but which was 
apparently not attempted and not encouraged by the American 
organizing committee, would certainly subsen*e this purpose per- 
fectl}'. This would be more likel}' to be satisfactory, being more 
''democratic," than that plan which was entered upon by the 
English organizing committee in re the crystalline schists. That 
committee solicited contributions from individuals on that specific 
topic. While this resulted in the production of a number of 
learned and very valuable contributions which grace the volume 
lately issued by the English committee, it cannot be considered as 
the best way to promote harmony and to extend and perpetuate 
an interest in the Congress. If the Congress Ik? in fact an *' in- 
ternational " one. the various nationalities should have svstem- 
atized participation in its doings, and the organizing committee 
should be empowered and directed to take steps to facilitate such 
general participation. The late Congress passed otf with the sim- 
ple presentation, largely or entirely, of some American views on 
American geology, followed by such desultor}' comment or dis- 
cussion as happened to spring up. If such a practice be perpet- 
uated in future sessions, the Congress will finally degenerate to 
an elementary sch(X)l of gi^olog}*, wheivin the visiting geologists 
will learn the outlines and general principles of the geolog}- of 
the countries where the separate sessions may be held, and it will 
be a question of a short time, a very short time, whether the use- 
fulness and the puriK)ses of the Congress, as set forth by the 
founders, be not so far lost sight of or so remotely subser\'e<l 
that the sessions had better be discontinued. 

The next session will 1k» at Berne, Switzerland, and we wish to 
appeal to the intelligent gi»ologists of that little republic, to early 
take measures to make the next session a truly ''international " 
and representative one. 
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The Comanche series of the Texas- Arhinsas region. By Robert T. Hill. 
Bulletin, Geological Society of America, vol. ii, pp. 503-528; May 5, 1891. 
The main area of the Comanche series is stated to extend from western 
Arkansas through southern Indian Territory to the meridian of 97° 30, 
thence southward and southwestward across Texas to New Mexico, a 
distance of more than 1,000 miles, and then southward indefinitely into 
Mexico. The series, as studied by Mr. Hill in central Texas and north- 
ward, is made up of eleven terranes, classed under three divisions in 
ascending order, as follows: A. The Trinity division, comprising 1. 
Trinity or basal sands, which Dr. C. A. White provisionally regards as 
the base of the North American lower Cretaceous; and 2. The Glen 
Hose or alternating beds, consisting of abundantly fossiliferous magne- 
sian limestones, fine sand, chalk, and almost pure crystalline limestone. 
B. The Fredericksburg or Comanche Peak division, comprising 3. The 
Paluxy sands, about 100 feet thick, containing no fossils excepting 
silicified wood; 4. The Gryphihu rock and Walnut clays, the former 
being a stratum 10 to 50 feet thick, composed entirely of the shells of a 
fimall Orypho'a^ and the latter being associated clay marls which enclose 
myriads of Exogyra texana Roemer; 5. The Comanche Peak chalk, 
about 100 feet thick, rich in many species of fossils; 6. The Caprijia 
limestone of Shumard, an indurated chalk, 30 to 40 feet thick, preserved 
as the capstone of many buttes, mesas, and plateaus; and 7. The Good- 
land limestone, apparently an equivalent of the last two. C. The 
Washita or Indian Territory division, comprising 8. The Kiamitia clays 
or Schloenbachia beds, so named from their characteristic Ammonites; 9. 
The Duck Creek chalk, about 100 feet in thickness, composed of crumbl- 
ing chalky limestone and marls, with a unique fauna; 10. The Fort 
Worth limestone, which with the last was described by Marcou at Fort 
Washita as typical Neocomian; and 11. The Denison beds, made up of 
sandy clays and occasional limestones, Exogyra arietinn being the 
characteristic fossil of the clays. At Denison and throughout northern 
Texas, these beds are unconformably overlain by the Dakota sandstone, 
the base of the upper Cretaceous series which is so widely developed on 
the plains farther north. 

Carboniferous fossils from Neirfoundland. By Sir J. William Dawson. 
Bulletin, G. S. A., vol. ii, pp. 529-540, with two plates; May 27, 1891. 
The plants described or catalogued with annotation in this paper are 
from St. George's bay, in \ve8tem Newfoundland, the most noteworthy 
species being Ijepidodend ron murrayaniim, nearly like L. cliftonense of 
Nova Scotia. The strata are similar to those of the coal formation of 
Cape Breton, and have a total thickness of probably 11 000 feet. Accord- 
ing to Mr. James P. Howley, now director of the Geological Survey of 
Newfoundland, they contain six beds of coal, ranging from fourteen 
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inches to eight feet in thickness, three of them having over four feet of 
good coal, apparently a free-burning bituminous variety, resembling that 
of the Cape Breton mines. 

^1 proponed Hyneiu of cftronofo(/ir C4irtography on ti phyttiogriiphic btufin. 
By President T. C. Cham Berlin. With Th4' geol4}ffic4il dates of origin *f 
rrrtain (opographir forum on the Atftintir siofte of the United Staten, By 
William Morris Davis. Bulletin, G. S. A., vol. ii, pp. 541-544, and 545- 
586, with six figures in the text; July 2, 1891. Increasing attention has 
been given during recent years to topographic forms as time indices and 
means of geologic correlation. President Chamberlin therefore pro- 
poses a cartographic system, in which plains shall be represented by 
lines, and slopes by dotted surfaces, both to be put on in colors varying 
according to the geologic date of these topographic forms. The direc- 
tion of the agency by which they were produced may also be shown. 
Thus, a fluvial plain will be indicated by arroWs (without feathers) 
pointing in the direction of the current, while a lacustral plain will be 
mapped by parallel lines headed with arrows-points on the margin shore 
erosion by waves having been the most charact*fri8tic agency in its pro- 
duction. In the case of subaerial plains or peneplains, parallel lines 
will be used without arrow-heads. To distinguish between a plain and 
a p«ineplain, which may be (luite rolling and yet clearly determinable, 
continuous lines may be used for the former and broken lines for the 
latter. 

Professor Davis recognizes a Cretaceous peneplain in southern New 
Kngland, New York, New Jersey, and southward, into which the rivers 
of the Atlantic slope. have cut broad and deep valleys during the 
TiTtlary era. The Hudson river, for example, is shown to have excavated 
tliH whole gap between the Catskill and Berkshire plateaus since the 
««ttrly Tertiary uplifting of this peneplain. The level crests of the 
Appalai'lialn ranges are remnants of the Cretaceous base-level, into which 
ktrHttiiiH have channeled the great intervening valleys during Tertiary 
and (Quaternary time ; but the White mountains of New Hampshire and 
thti Hlmk mountains of North Carolina have existed, constantly under- 
going df^nudatlon, from much earlier dates. 

Varintioitu in the f*retneeomt and Tertiary ntrnta of AUtbunui. By 
Danikl W. I.anoim)n, Jr. Bulletin, G. S. A , vol. ii, pp, 587-606, with 
iiiiu plate ; July H, 1891. This paper presents detailed descriptions and 
ntji Ihiui olm^rved during the boat journeys down the Tombigbee, Tusca- 
loona, and Alabama rivers, with which the sections exposed farther east 
i,if Ihti ('oiMMuh, IVa, ami Chattahoochee rivers are compared. Special 
HfiffMtbiii U dlnMtml to variations in the strata on account of different 
I ofiiliilniu of *edlnientatlon,to faunal changes^nd to unconformities due 
\t, itMt lolal abi*«inc«' eastward of formations that are well defined in the 
^«:«h:rii part of the utate. On the Tombigbee the Cretaceous beds measure 
^\„,n\ i,itm frnit in thlctkness, and the Eocene about 1,655 feet ; while on 
h,t f l»aii«ilH»o(hefi these are reduced respectively to about 1,440 and 
I M'l riff 
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Bulletin of the Geological Society/ of America^ Proceedings of the third 
annual meeting, held at Washington December 29, 30 and 31, 1890. J. J. 
Stevenson, Secretary, pp. 607-662 ; August 7, 1891. Besides a record 
of the order of presentation of the various papers which have been 
separately printed by the Society and already reviewed in this and 
preceding numbers of the Geologist, six short papers are here printed 
in abstract or fully, as follows: On the occurrence of Megalonyx Jefersoni in 
central Ohio, by Edward Orton ; On the family Orthidse of the Brachio- 
IKKJa, by James Hall ; On a jointed earth auger for geological explor- 
ation in soft deposits, by N. H. Darton ; On the occurrenceof diamonds 
in Wisconsin, and on the occurrence of fire opal in a basalt in 
Washington state, by George Frederick Kunz ; and A fallen forest and 
peat layer underlying aqueous deposits in Delaware, by Hilbome T. 
Cresson. The first annual report of the committee on photographs 
gives the titles, with descriptive notes, of 293 photographs received 
by the Society in 1890, of which 21 were donated by Prof. J. F. 
Kemp of 'Ithaca, N. Y.; 269 by the U. S. Geol. Survey,, through the 
director, major J. W. Powell ; and 3 by Prof. W. B. Dwlght of Pough- 
keepsie, N. Y. 

Arkansas Geological Survey, J. C. Branner, state geologist; Annual 
report for 1890, Vol. 1, Manganese, its uses, ores and deposits, R. A. F. 
Penrose. Octavo, 642 pp., geological map. Little Rock, 1891. 

This volume is a valuable one for the manganese industry in Arkansas, 
and secondarily for all who make use of manganese. It gives an account 
of the early and modern uses of manganese, and brings out vividly the 
remarkable recent increase of its mining and manufacture (in spiegelei* 
sen and ferro-manganese) in the United States. In 1875 the net tons 
produced were 7,832, in 1885 34,671, and in 1890 149,959 tons. The 
methods of use of manganese in the arts, including its alloy with iron 
in the Bessemer and Hadfield processes of steel-making are fully de- 
scribed. Small amounts of manganese ore were mined in the United 
States (Tennessee) as early as 1837, but at the present time Virginia, 
Georgia and Arkansas produce over nine-tenths of the total output of 
North America. **The United States is the next largest producer of 
manganese ore in the world, being second only to the Caucasus region 
of Russia.'^ ^'England is the largest consumer of manganese in the 
world, using not only its own production, but also 74,906 tons from out- 
side sources. The United States is not only the second producer but 
the second largest consumer, using its own production as well as that of 
Cuba, and most of that of Canada.** 

All the various ores and minerals of manganese, together with their 
places and manner of occurrence, are described, embracing also chemi- 
cal analyses. 

In Arkansas there are two manganese regions, one in the northeastern 
part of the state, known as the Batesville region, of which a detailed 
geological map is given, and the other in the southwestern part extend- 
ing fo)m Pulaski county through Polk county to the Indian Territory 
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border. In the former occur nearly all the large and workable deposits. 
The ores of the BatesvlUe region occur in a residual clay, derived 
from the decay of a limestone which, according to Prof. H. 8. Williams, 
occupies a position intermediate between the Trenton and the Niagara 
limestones. The ores of the southwestern part of the state are in 
novaculite probably of Lower Silurian age, perhaps Trenton. The ores 
in both regions are in the forms of the various oxides of the metaL 
These ores were mentioned by Owen and Cox, and Featherstonhough 
mentioned manganese in the southeastern part of the state, but it is 
only within a few years that there have been systematic working and 
descriptions of the deposits. 

Between the ore-bearing St. Clair limestone, which is of about the age 
of the Trenton, and the Boone chert which is a part of the lower Car- 
boniferous, is a curious clayey deposit which is partly the result of sur- 
face decay of the lower limestone, and partly apparently of the nature of 
eruptive ash. This has been but partially investigated, but it seems to 
be widespread, and points to a long land exposure in this region between 
the close of the Lower Silurian and the age of the Carl>oniferous Boone 
chert. This had already been suggested by Dr. Branner from examina- 
tions in the field. Like the Cincinnati anticlinal, therefore, this part of 
the country experienced an elevation, but not like that, this remained 
dry land through the upper Silurian and the Devonian, and was subse- 
quently again sunk beneath the ocean. 

In the careful description of the manner of occurence of the ore in 
the Batesville region is ample proof of the thoroughness and ability with 
which the investigation has been carried on. It is a comparatively new 
field, and it has been most satisfactorily worked. The ore occurs in a 
clay which is the residuum of the St. Clair limestone. The ore was first 
in the limestone. The decay of the rock, and the removal of the soluble 
part has concentrated the insoluble, this embracing the ores— which, 
however, have to some extent been converted from carbonates. This 
process of decay began after the last elevation of the region above the 
ocean and is still going on. This residual clay has nothing to do with 
the layer of residuum which naturally intervenes between the St. Clair 
limestone and the Boone chert already mentioned, as to its age and 
stratigraphic relations, however closely they may be related genetic- 
ally. 

The report embraces a review of the manganese mines of the United 
States, with a view to comparison with those of Arkansas, for the pur- 
pose, evidently, of arriving at some conclusion as to the origin of the ore 
in the rock from which it is now plainly derived by natural concentra- 
tion in HttH through slow decay. In the course of this review, Dr. 
Penrose describes, with more fullness and correctness than has ever been 
done before, the manner of the occurrence of the iron and manganese 
ores of Vermont, and their stratigraphic relations. In this he adopts 
the late conclusions of United States geological survey (by J. E. Wollf), 
that the associated rocks are of the age of the Lower Cambrian, or 
Taconic of the region, as has been claimed from the time of Emmons 
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till now, except by those who reject the Taconic system. He finally 
reaches the conclasion that the ores (in particular the ore of manganese, 
although the conclusion involves that of iron because of their intimate 
association) were the result primarily of chemical precipitation in the 
ocean at the time of the formation of the rocl^s themselves, and that the 
oceanic waters obtained the manganese principally from the disintegra- 
tion of the older cr\'8talline rocks of the region. 

The report is faultless in method and execution, and the value of its 
scientific conclusions, and of its accurate and conscientious descriptions 
of Arkansas localities cannot fail to be highly appreciated by the citizens 
of that state. It is, moreover, a real contribution to the geology of the 
country, and adds one more to the series of valuable results of the 
Arkansas survey. 



KECENT PUBLICATIONS. 



I. State and Gocernment Reports, 

Geol. Sur. of Missouri, Bulletin No. 5, contains: The age and origin of 
the crystalline rocks of Missouri, Erasmus Haworth; Notes on the clays 
and building stones of certain western-central counties tributary to Kan- 
sas City, Q. E. Ladd. 

Advance sheets from the 17th report of the Qeological Survey of the 
State of Indiana; Pateontology, S. A. Miller, 113 pp., 22 plates. 

Geol. Survey of Georgia, Fir8t report of Progress, 1890-91. J. W. 
Spencer. 

Bulletin No. 80, U. S. Survey. Correlation papers, Devonian and Car- 
boniferous, Henry S. Williams. 

Second annual report of the Geological Survey of Texas, E. T. Dum- 

ble, contains, besides the report of the state geologist, the following 

papers: Reports on the iron ore district of East Texas; Carboniferous 

cepholopods, A Hyatt; Report on the geology of northwestern Texas, 

W. F. Cummins; lie port on the geology and mineral resources of the 

central mineral region of Texas, Theo. B. Comstock; Report on the 

geology and mineral resources of Trans-Pecos Texas, W. H. Von 

Streeruwltz. 

II. Proceedings of Scientific Societies. 

Trans. N. Y. Acad. Sciences. Feb-March, contains: The man of Spy, 
or newly discovered paleolithic skeletons from the vicinity of Llt'ge. 
Belgium. J. S. Newberry; The tin deposits of North Carolina. John 
H. Furman. April to June: Amber, its history, occurrence and use, J. 
S. Newberry; Remarks on recent discoveries in local Cretaceous and 
Quaternary geology, N. L. Britton; The Pipe-creek meteorite, A. R 
Ledoux. 

Jour. CIn. Soc. Nat. Hist,, July, 1891, contains: On the age of the Pt. 
Pleasant, Ohio, beds, Jos. F. James. 
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Appalachia, July, 1891, contains: A classification of mountain ranges 
according to their structure, origin and age, Warren Upham. 

Recent discoveries bearing on the antiquity of man. G. P. Wright. 
(Bibllothica Sacra, Apr., 1891.) 

Description of a skull of Megalonyx leidyi^ n. sp., Josua Lindahl. 
(Am Phil. Soc, Read Jan. 2, 1891.) 

III. Papers in Scientific Journah. 

Kansas City Scientist, July, contains: Some new species of echino- 
dermata,R. R. Rowley and Sid. J. Hare. August: Some new species of 
crinoids and Mastoids, R. R. Rowley and Sid. J. Hare. 

Ottawa Naturalist, July, contains: Extinct Canadian vertebrates from 
the Miocene rocks of the Northwestern territories of Canada, H. M. 
Ami. 

American Naturalist, July, contains: A review of the " Discovery of 

the Cretaceous Mammalia," U. F. Osborn; Notes on Mesozoic mammalia, 

O. C. Marsh; The coming man, 8. V. Clevenger; On the relations of 

Carettochelys, Ramsay G. Baur; on some new fishes from S. Dakota, E. 

D. Cope. 

IV. EicerpU and inditidual puhlicationii. 

On paramelaconite and the associated minerals, Geo. A. Eoenig. 
(Proc Acad. Nat. Sci. Phil. April, 1891.) 

Geological Guide-book of the western excursion of the Fifth Interna- 
tional Congress of Geologists, S. F. Emmons, 8vo, pp. 156, Washington. 

On an important boring through 2,000 feet of Trias, in eastern Penn- 
sylvania, J. P. Lesley. (Am. Phil. Soc. May 28, 1891.) 

Manual of the paleontology of the Cincinnati group, Jos. F. James. 
(Jour. Cin. Soc. Nat. Hist. Apr., 1891.) 

The development of a paleozoic poriferous coral, and Symmetrical 
cell development in the Favositida*, Charles E. Beecher. (Trans. Conn. 
Acad., Vol. VIII. 1891.) 

The universalty of man's appearance and primatlve man, Edward L. 
Anderson. 8vo. 28 pp. Edinburgh, 1891. Cincinnati, Robt Clarke & Co. 

On the GrapeviUe gas-wells, J. P. Lesley. (Am. Phil. Soc. Apr. 27, 
1891.) 

Notes on Central- American Archaeology and Ethnology, J. Crawford. 
(Bos. Soc. Nat. Hist. Feb., 1891.) 

V. Foreign Publications, 

Proc. and Trans, Nova Scotia Institute of Science, Vol. Vli, Part 4, 
contains: Glacial Geology of Cape Breton, Honeyman; Geological 
Gleanings In Nova Scotia and Cape Breton, Honeyman; The Geological 
Writings of Rev. I). Honeyman, Gilpin; The Devonian of Cape Breton, 
Gilpin; Surface Geology of the Pictou Coal Field, Poole; A Contribu- 
tion to the Theory of Earthquakes, Maury. 

Bui- Soc. Sci. Nat. d. Touest de la France, Tome I, No. 1, contains: 
Etude du metamorphisme aux environs de Nozay, Loire-lnfMeure, 
VtLvy; Arch<*en et le Cambrien dans le Nord du Massif Breton et lenrs 



Recent Publications, 205 

Equivalents dans le Pays de Galles, Bigot; Sur la pr<^8ence du Car- 
bonif^re en Bretagne, Lebesconte; Sur un gisement carbonif^re de IVtage 
de Vl8<? reconnu A Quenon, en Saint Aubin-de-Lulgu<^, Bezier. 

Tome I, No. 2, contains: Etude petrographique des eclogites de la 
Loire-inf^rieure, La Croix; 

Archiv d. Ver. d. Freunde d. Naturgeschichte in Mecklenburg, 1890, 
contains: XII. Beitrag zur Geologie Meclilenburgs, Geinitz; Ueber das 
angebliche Vorkommen Geschieben des H^irandsteins in don nord- 
deutschen Diluvialablangerungen, Nathorst; Das meteor von Kropelin, 
Geinitz; 

Fold. Koz. (Budapest). Vol. xxi. Nos. 4 and 5 contains: Awaruit, ein 
nickeleisen-mineral, Szabo; Beitrrtge zur Foraminiferen-fauna der 
Alttertiflren Schichten von Kis-Gyor, Kocsis. 

Boletim da Commissao ge(»graphica e geologica do estado de 8. Paulo, 
No. 7, contains: Notas sobre zeolitasdo augitoporphyrito de S. Paulo e 
Santa-Catharina, Hussak. 

Cursu elementaru de Geologia, de Gregoriu Stefanescu, pp. 256, 8vo, 
Bucharest, 1890. 

A manual of the Geology of India, Part IV, Mineralogy (mainly non- 
economic), F. R. Mallet. Calcutta, 1887, pp. 179. Roy Oct. 

Die landeskundliche Literatur Uber de GrossherzogtUmer, Bachmann, 
Gnstrow, 1889, pp. 511. 

Report of the inspector of mines for North Wal^s and Isle of Wight, 
for 1890, C. Le Neve Foster. Loudon, 1891. 

List of mines worked in 1890 in the British Islands. By the inspectors 
of mines. 

Ueber den Sagvandit. H. Rosenbusch, (Neues Jahr, 1884.) 

Die UrvierfUssler ( Eotetrapoda) des S£lchsischen Rothliegenden, 
Hermann Credner. (Natur. Wochens. Berlio), 1891. 

Zur Auffassung des Grundgebirges, H. Rosenbusch. (Neues Jahrb. 
Bd II. 1889. Heidelberg.) 

Ueber Monchiqult, ein camptonitisches Gangestein aus der Gefolg- 
schaft der Elflolithsyenite. Hunter and Rosenbusch (Tschermak*s Mitth. 
Min. und Pet. 1891.) 

Zur Auffassung der chemisches Natur des Grundgebirges, II. Rosen- 
busch. 1891. (Tschermak's Mittheil. Wien.) 

An outline of Mr. Mellard Reade's Theory of the Origin of Mountain 
Ranges by sedimentary loading and cumulative recurrent expansion; 
in answer to recent criticisms. T. Mellard l^eade. (Phil. Mag. June, 
1891). 



PERSONAL AND SCIENTIFIC NEWS. 



The Geoukjical Map of Kirope. "1 receivtHl jm invitation 
fn>m Berlin signiHl by Bevrich and llaueheoorne. to meet tliein at 
Saltzburg (Austria) as a menii)er of tlie committee of tlie y/o/oy/- 
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ml map of Europe, of which I have heard nothing for three years. 
Besides the two Prussians Mojsisovies came from Austria, and 
Renevier from Switzerland, and nol)odv else of the committee. 
No one came from England, nor from France, nor Russia. Only 
Capellini joined me as an Italian friend. Nothing new worth noting 
was said or done, except that the announcement was made that 
rerif ftkefy the first sheet of the map, scale 1. 500,000, will l»e 
issued before the year is over." Giordano, director of the geth- 
loyicid survty of Italy, Aug. 18. 

Washington rNiVERSiTv, St. Louis, has just chosen a scienee- 
l)re<l president, W. 8. Chaplin, late professor of Engineering at 
Harvard Tniversitv. 

Preservation of the glacial grooves of Kelly's Island. 
Through the active interest and intercession of Prof. G. F. 
Wright, Mr. M. C. Younglove, president of the Kelly's Island 
Lime and Transport Company, has been emj)owere<i to deed to 
the Western Reserve Historical Society of Cleveland, a |K)rtion 
of the land on Kelly's island, * 'fifty feet wide and one hundre<i 
feet long,' on which is preserved a part of the remarkable ice- 
grooving, which was visited by an excursion of the American 
Association for the Advancement of Science at the Cleveland 
meeting in 1888. These grooves are certainly the most remark- 
able ever discovered in this country, and they are to be preserved 
as an object lesson to future generations. Quarrying has 
already proceeded nearly all around this specimen, and soon the 
monument preserved will be a monument indeed; the groove Ixnng 
left to cap a pedestal alK)ut thirty fiH»t high, and conspicuous 
from everv side. Al)out one-half the surface will he cleared of 
<lebris, so as to show fifty feet of the length of the groove, while 
the other half will remain as it is. beneath its protective covering 
of pebbles, gravel, sand, and mud, which acted as the graving 
t(M)ls in the firm grasp of the ice. 

Originally a large area of this glaciated surface was exposes! to 
sight. Hut in the progress of work upon the extensive (juarn*. 
the larger part of it has been removed. What is left, however, 
is ample for an object lesson. The jM)rtion of the gn>ove pre- 
.served is thirty-three feet across, and the depth of the cut in the 
rock is seventeen feet below the line extending from rim to rim. 
Originally there was probably here a small depression formed by 
preglacial water erosion into which the ice crowdei! the material 
which iK'came its graving t<x)l, and so the rasping and polishing 
went on in increiusing degree, until this enormous furrow is the 
result. The gnx^ve. however, is by no means simple, but pre- 
sents a series of corrugations merging into each other by l)eauti- 
ful curv(»s. When exiK).sed for a considerable length it will re- 
senibU' nothing else so much as a collection of prostrate Corinthian 
columns. Ivinjr side bv side on a cH)ncave surface. 
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THE ATTITUDE OF THE EASTERN AND CENTRAL 
PORTIONS OF THE UNITED STATES DURING 

THE GLACIAL PERIOD.* 

BV T, C, ('ilAMBKlU.IN, Mtulirion, Win. 

Aside* fn^in the inheront interest which lies in the determination 
of jiny t^eneral fact in geology, a special interest attaches to tlie 
determination of the attitnde of the glaciated area (hiring the ice 
invasions l)ecause of its l)earing npon their explanation. I pro- 
pose to discnss hypotheses of the canse of the glacial period in a 
separate paper; my present etfoil will he merely to set forth, 
somewhat synoptically. the leading phenomena, and the conclus- 
ions I draw, relative to the attitude of the eastern and central 
jxirtions of the United States during that period. The si>ecial 
datii ap|x»ale<l to liavi* lH»en gatlierin! chiefly by the meml)er8 of 
the glacial divisicm of the TnittHl States (ieological Survey, largely 
hv Messi-s. Salishurv. Leverett and myself. 

T» Olarin- fill rial thponits of tlir hurrr Minsisstftjn' raf/tt/. The 
material of the lower Mississippi valley deriviMl from glacial 
Waters is dividtnl into two sharply distinct da.sses; first and old- 
^>st. that which caps the bluffs of the Mississippi and mantles all 
the upland for 5i> miles or more back on the east and which 
t K'cupies the summit of Crowleys ridge that rises from the midst 
€*f the Mississippi lM)ttoms in Arkan.sas. The second division 
^Kvupies the tnMich in which the present lM)ttoms He and ris4»s but 
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littlo alK)ve these IkiUoius. if at all. and is distingiiishalile fn>iii 
the modern fluvial dejKisits with difficulty. 

The deposits of the first or earlier class are wholly silts, so far as 
determined by us. Our special invi»sti^ations have lieen chiefly 
confined to the 15(> miles next below the drift iMirder, but they have 
reached, in a less consecutive way. to Mississippi and I^uiniana. 
After careful and protracted search, renewed on successive sea- 
sons, we have entirelv faile<! to find anv coarse drift conn€»et€Ml 
with glacio-fluvial formations that lie alM)ve the )M)ttom lands, al- 
though the area is gr<»atand the ex|X)sure l)y ^il lying phenomenal. 
The "orange sands and gravels" which underlie the glaoio-fluvial 
silts are non-glacial in diameter and setMn to us t<i lie dt^mon- 
stnd)ly pre-glacial. At any rate, the absence of glacial |x»bbles. 
and even glacial sand and silt, fnim them removes them fn>m any 
need of s|>ecial consideration in this connection, even if they lie 
supp<ised to U» contemporane<ius with the earlier glacial stages, 
for the absence of the glacial material may Ih» taken as showing 
the incom|>etency <if the upper Mississippi t<i In^ar such material 
southward at that time. 

Silts iKMUg then the only demonstrable representativt»s of the 
glacial products iKirne south during the ealier stages of glacia- 
tion. it is a necessarv inference that the land from the Uinier of 
the drift t^i the gulf was so flat and s<i low that <inly slow-moving, 
silt-liearing currents were formed. The present current of the 
Mississippi is competent to carry coarse sand and small pebbles. 
Tlie currents of the earlier glacial |H»ri<Ml were then»f<ire U»hs c<im- 
|H»tent and the c<iuntrv was flatter than now. 

(Nincerning the glacio-fluvial de|Misits that lie InMieath the pres- 
ent river lM)tt<ims. or lie so low as to Ih» indistinguishable from 
the fluvial de^iosits of the pn»sent river, little <if a p<isitive nature 
can Ih» as.serted. S<i far as known fnim iNirings and other evi- 
denc€»s. thev are not n<itablv (Hjarse. T<i the n<irthwan1. in the 
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glaciated regi<in. they rise alnive the pn»sent river liottoms and 
have lieen trace<l back to their origin. s<i that we know the ap- 
proximate attitude <if the surface at the time that they were 
forme<l. Thev mav therefore Ih» set aside here and disoiisse<1 
• later. 

//. I*ht'nuiiu'iin nf tJu Drift liunh r. The naturt* of the drif 
iMirder in the axis of the Mississippi basin, where it reaeh< 
fartherest south, is in itself significant of the attitude of the su 
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face at the time of its formation, if I interpret the phenomena 
correctly. The drift does not terminate in any well-defined 
moraiuie ridge, such as the ancient glaciers formed at seyeral 
later stages. On the contrary, the termination is found in a 
gradual thinning out of the drift unattended by marks of forci- 
ble action on the part of the ice. The inference is therefore 
drawn that the ice crept out slowly upon a low slope, the gentle- 
ness of which accounts for the lack of vigorous action or forcible 
heaping of material. 

This inference, which by itself might have but slight value, is 
supported by the fact that the sheets of till in this lM>rder region 
to a large extent graduate upwards into pebbleless clays and 
thence into loess-loams, or true loess, making it appear certain 
that slack drainage was a prevailing phenomenon. 

This is further supported by the absence, in general, of coarse wash 
from the edge of these outermost drift sheets. At some points 
near the edge, but more commonly at points remote from it. there 
are l)eds of gravel, often taking a lenticular form, but these may 
\ye attributed to waters acting in channels in the ice or l>eneath it, 
where l)y confinement and by the peculiar conditions of glacial 
drainage they were forced to a vigorous action which they lacked 
when once they had issued from the l)order of the ice. 

As a summary statement, it may be asserted that the phenomena 
of the lK>nier drift in the Mississippi valley present everywhere 
evidences of slack or slow drainage, with only such exceptions as 
may \\e rationally referred to enforced vigor through the immediate 
agency of the ice; and that there is nowhere evidence of powerful 
or specially rapid currents of water such as must inevitably have 
issued from the glacial l)order, in the axis of the great Mississippi 
basin, had the slope of the surface been at all considerable. It 
is therefore a firm and safe inference that at the time of the form- 
ation of the drift sheets that reach farthest southward there was 
no considerable slope of the surface: not even so much as now 
exists. 

III. The Smooth (^otitours u.mf Sift Afn'otm of the OJdvv 
Morain*'^. In the axis of the Mississippi basin on account of the 
planeness of the surface and the great extent to which the ice 
stretched forward, the successive glacial stages are 1 letter deploy (h1 
than in most regi<ms east or west where later invasions overnnle 
the territory of earlier ones and obscured the phenomena. The 
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region is therefore peculiarly fitted to the inquiry in hand. If 
we follow north wanl along the axis of the central ice-lol)e in 
Illinois, we encounter, within alK)ut one hundred miles of the drift 
Ixirder. a bnmd ridge of drift, identifiable as a marginal moraine: 
and farther to the north w'ard, similar ridges representing later 
stages of glaciation. The first eight of these liear common 
characteristics, all significant of the attitude of the surface at the 
times they were formed. They art* all broad swells of gentle slope 
and snHX)th, though undulating, contours with the exception of a 
few local departures. They are not pushed into rough indented 
ridges, as is the fashion with terminal moraines forced up by 
vigorous glacial action. They appear nither to 1k» the submar- 
ginal accumulations of a sheet of ice creeping gently down \\\nn\ 
a plain of slight inclination. This interi)retation, which in its«df 
might be (|uestioned, is supported by the significant fact that on 
the outer side of these moniines there are fringing Ix^lts of silt 
pnxluced by the waters that crept over them while pressed on the 
inner side by the ice. These bordering silt-sheets terminate in 
and on the moraines and reach out to varying distances u|K)n the 
plain to the southwanl. 

It would appear, therefore, that we have in thesi» phenomena 
evidences that cannot be gainsaid, that during tin* seveml suc- 
cessive stages that these moraines ix»present the attitude of the 
<M)untry was low, and that the dniinage was more slack than at 
the present time. 

IV. Tin' Jiuyt/rd Rlthjvs ami (ii'tncf ApnniH of tin- Lntvr 
Morniins. The jireccding phenomena repri»sent the earlier and 
much the longer portion of the glacial perio<l. Hut when, in 
<M)ming northward along the Illinois river, we reach the moraine 
which crosses at Marseilles, and when, in ascending the Wabash 
river, we reach the moraine which crosses at Attica, we find a 
notable <'hange in the phenomena. The moraine is not only nion* 
rough in contour and rugged in constitution but is accfmipanitn! by 
much more abundant evidencesof wash and assortment in the form 
of gravel hills and gravel tracts. On the outside of the moraine, 
instead of aprons of silt indicating <iuiet overwash. then* an» 
a)»rons of gravel indicating more vigorous overwash. Tlu*«e fring- 
ing gravel tracts gather themselves somewhat pnmiptly into the 
leadintj river valleys and flow down the.se in the triMichi»8 now oo- 
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<*upied by these streams, which are cut into the older shet»tH of 
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<lrift. It is worthy of note that these trenches rfre cut throujrh 
the ohier moraines and their overwash aprons of silt and aiv sunk 
down into them or below them. The later gnivel -hearing floods 
ran at lower levels than tlie earlier silt-lH»aring waters; a clear 
demonstration of a change of attitude. It is clear from a study 
of these phenomena that at the time this moraine was formed the 
action of the ice was more forcil)le and the drainage mon» 
vigorous. The glacial waters ran away from the whole margin of 
the ice with measureable precipitancy, liearing coarse material. 
Tliey gathered into definite channels previously cut in the ohler 
(irift and ran along these at a rate whicli enableti them to carry 
gravel and sand far down their courses. Here we have for the 
first time in the liistory of glaciation, so far as now worked out 
4m this the most favorable line on the continent for such studv. an 
indication of an altitude* and slope of the surface sulticient to pro- 
duce vigorous drainage. 

The (juestion now becomes pertinent, how vigonnis ? llow 
gn»at a slope was indicated ? On the Illinois river, overwash 
was suttlciently sti-ong to spread out. on the outer side of tlie 
moraine, plains of gravel and sand of moderate degree of coarseness. 
Imnuniiatelv next tlie moraine cobble stones of three indues in 
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diameter are not uncommon. JJut onlv a few miles awav fnmi 
the moraine, even in the main axis of the gravel stn»am, the 
material liecomes preilominantly sand, the gravel lK»coming fine 
and sulnmlinate. Near (Miillicothe, for reasons not well under- 
st(MHl. the material is again coarse but l»eyond becomes chiefly 
sand. On the Wabash similar facts present themselves. 
Within two or three miles of the moraine the dejMJsit is chiefly 
fine orravel and sand and maintains this constitution far down the 
stivam. 

If 1 have correlated the moraines correctly, phenomena of the 
same kind and occuring at the same date are found on the Kock 
river, .starting about twenty miles north of the Wisconsin line near 
.Janesville: on the Wisconsin river in Sauk countv. Wis., below 
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itN great bend: on the Chippewa river a few miles above ('hipi)ewa 
Falls: on the St. Croix river a few miles alM>ve its mouth: on the 
Mississippi river a short di.stance bt'low St. Paul: and on the l>es 
Moint^s river, at the city of Des Moines. Similiar phenomena also 
o<*eur on all of the important tributaries of the Ohio and the Alle- 
gheny fn>m eastern Indiana to northweNtern Pennsylvania. In all 



272 The Am^*ti^(n GeologiMt. November, IWI 

of the«othe facts are essentially the same; the wash was vigorous 
near the iee-edge and l)ecame less strong southward. 

The slope of the glacial flood plain has lieen determined ap- 
pn^ximately in the most of these instances, and it is found that 
the descent was considerably more rapid than that of the present 
streams near the edge of the ice, but l)eyond that the descent was 
only slightly greater than that of the present streams. 
For instance, the terraces which repivsent the glacial flood plain 
on the up|H»r Mississippi stand, at the mouth of Chippewa river. 
alM>ut 1(M» feet alM)ve the present stream. At the latitude 
of the southern line of Wiscon.sin, 150 miles south, the 
terrace is scan'ely 50 feet high, indicating a slope of four inches 
to the mile more than the present. Between St. 1/(mis and the 
southern extremity of Illinois the discrimination of the glacial 
flo<Kl plain from that of the present stream recpiires attention, 
as it only rises alM)ut 25 feet higher anci is scarcely alK)ve the 
extreme n»ach of modern flcMMls. Below the mouth of the Ohio 
it is not certain whether the glacial flood pnKiuct« under con- 
sideration have l)een successfully distinguished fn)m depositM 
formed by the mcxlern river. lK*clinrs of a similar nature are 
found on the Wisconsin, the Hock, the Illinois, the Wabash, the 
tributaries of the Allegheny an<l the Allegheny itself. On the 
liittle and (treat Miamis Mr. Iieven»tt has found that the glac*ial 
fl<M)d plains descend less rapidly than the present streams. 

But lH»fore conclusicms n*specting the slope of the general sur- 
fact* WW <lrawn, it is to Ih» noted that all these glacial streams 
wen* ih inmithiif and not eroding, and that their currents were not 
sutticient to enable them to carry away the bunlen of material 
furnished to them, so that they built up their iMHtoms until 
sutticient slope was gainetl. The de|>osits of gravel on these 
stn^ams near the ice-margin, reach in several instanci»s. )>eyond 
100 fiH»t in depth. The incren.sed slo|>e of the fl<M)d plain near 
the moraine is obviously due to the greater load of material and 
not to any upward curature of the general surf act*. 

These l»eing the essential facts, judgment will pi*rhaps <iitfer 
:is to the precise amount of slope wlii<*li the general surface pre- 
sented at the glacial stage in (|uestion. but I think no <me, who 
duly considers the plienonienn. will maintain that the slope wm 
very much givater than the present. The existing streams ar 
eroding their l>ottoins. even with their lower gradiint, and th 
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glacial streams must have l)een ver>' greatly overloaded with 
letritus to have l)een depositing streams, to the extent T 
iiave indieatiHl. if their slopes were notably greater than the pres- 
i»nt, especially in view of the greater volnme of water which the 
streams then undoubteiily U)re. 

V, Phenonu'iia of thv Latent Morn hwH. Within the outer mo- 
raine which l)earH this overwash apnm of gravel are other and laU»r 
moraines which pri^ent like phenomena, hut in no case are they 
more striking, except locally and narrowly, and in most cases the 
overwash and drainage phenomena are more fe<»hle. The moraine 
next succeeding is almost ec|ually coarse and rugged in its develop- 
ment and is accompanie<l by almost eciually coarse and abundant 
Irainage drift, indicating the existence of alwiut the same topo- 
rraphic conditions: but the later moraines generally display 
fec»bler dminage phenomena indicating a return to the flatter c<m- 
lition of the earlier glacial epoch. 

IV. Lartnttritif and Marin*' Phenomt-na. Contemporane<iUs 
ivith some of thi»se later moraines and extending thence down to 
:he close of the glacial pi^riod thei*e wtis a succ»ession of glacial 
lakes (K^cupying the north-sloping basins. The presence of these 
lakes, the attitude of their shore lines and the |>ositi<m and (*har- 
icter of their discharges indicate that low elevation prevaiknl 
luring the closing stages of the glacial peri<xl. The same fact is 
pn>ve4l mon» conclusively by the marine dej)osits on the Atlantic* 
[Hiast which wer*» contiMnporamMHis with the pn»sence of the ice. 
The facts under this head are too familiar to re(|uire more than a 
paiasing reference here. 

In the sketch thus far, I have followed the phenomena of the 
Mississippi basin be<*ause the drift is there deploycnl so advan- 
tage<msly and l>e<»ause its indications seem so conclusive, but the 
phenomena on the Sus<(uehanna and Delaware rivers, jis brought 
out bv the studies of Lewis. Mc<t(h\ Salisburv and others, as 
well as our own. ti*stify to a like genend fact, though in far U»ss 
detail. The ealier glacial de|iosits then*, as in the Mississippi 
valley, appear to have been acc*onipanicMl by less vigon)us drain- 
Hge and to have Ikhmi coincident with the submergence of the 
(*oast region. The later deposits were ac(*ompanied by somewhat 
mon» vigorous dnunage than tht* present. pn»cisely as in the 
Mississippi valley, but the glacial streams weiv there also de^xisit- 
ing streams, and the phenomena do not seem to me to indicate 
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much jijreater slope of tlie general surface than the present, |k>s- 
sihly no greater. 

In the discussion tlius far the attUiuh- of the surface has ))i»en 
considered and a harmonious altitude has been assumed :is a 
necessary factor. Abstractly it mii^ht be held that the whole 
region was lifted Inxlily without disturbing its flat surface atti- 
tude, but the drainage at the edge of such a plateau, formed of 
erodable material, like that of the lower Mississippi region would 
speeilily reyolutionize the whole drainage phenomena and the 
topographic aspect of the yalley. It is utterly incredible that the 
silts that cover the west half of the state of Mississippi were 
deiH)sit(Ml at t»ven their present hight l>y a stream fifty, if not a 
hundred, miles wide. No such stream could exist on the brink of 
such a plateau of soft material, or, if once formed, could main- 
tain it.self for an appreciable fraction of the silt-depositing pericKl. 
It is cipially incredible that the broad trenches of the Mississippi 
and its tributaries could have l)een formed under plateau con- 
conditions. The whole phemmiena show that low altitudes went 
with flat attitudes. 

VII. (initrnl (oHthisionM. From this survey, which has 
necessarily been hasty and synoptical, since the details an* multi- 
tiulinous to the last degree. T draw the following inferences : 

First. That throughout all the earlier stages of glaciation thus 
far determined in the Mississippi basin, the attitude of the land 
was lower and flatter than at present and the drainage slacker. 

Second. That during the earliest stages of what I have l>een ac- 
customed to interpret as the later glacial e|K>ch. the attitude of this 
region was not farditferent from the present: possibly somewhat 
more elevated, and sloping somewhat mon» rapidly to the south, 
but the gradient could not have been very considend)ly grwiter 
than the present. 

Third. That during the inter-glacial eiM)ch the attitude of the 
country was such as to permit erosive drainage to the depth of 
one hundred or more feet below the present fl<K>d plains of the 
Iciiding streams, but that the elevation of this periotl was not ex- 
cessively jjreat is inferred from the fact that the trenches so cut 
were broa<l as well as deep. 

Fointk. That during the cl<»sing stages of the later glacial 
epoch the attitude of the -country was again flat, being towanl its 
close, more <lepressed than at i)resent. 
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I invite attention to the fact that the art»a covered by these 
phenomena is broad lM)tli in longitude and latitude, and that it 
covers the larger part of the territory that has been critically 
studied with reference to such determinations. This territory is 
sufficient to constitute a large factor in any conclusions that can 
rationally 1h» drawn respecting the attitude and altitude of the* 
general area of glaciation of northeastern North America during 
the Ice age. and this area is the ^rvat area of glaciation and must 
form the central ground upon which the ultimate (juestion of the 
c^use of the glacial period, and the relationship of the altitude of 
the land to that cause, must be settled. 



AN OUTLINE OF MR. MELLARD READE'S THEORY 
OF THE ORIGIN OF MOUNTAIN-RANGES BY 
SEDIMENTARY LOADING AND CUMULA- 
TIVE RECURRENT EXPANSION. 

IN ANSWER TO HECENT CRITICISMS. 

By T. Mei.laui) Keadk. 

From the l*hiloHitj)hir4d Afagnzinc for June, 15:^01. 

Introdittion. 

It is now four years since the ''Origin of Mountain-Ranges" 
was written, and during that time it has betMi subjected to consid- 
erable criticism by many able men in various parts of the glolie. 
I have j)ur]>osely refrained hitherto from answering any of the 
objectors to my theory. fiH»ling that it would l>e better to wait 
and weigh them. It appears to me now that most of the criti- 
cisms primarily spring from an imperfect realization of it« prin- 
ciples, scope, and details. 

The misconceptions no doubt largely arise from the complex 
nature of the problems and the difficulty of ket»ping the various 
threads of the argument unravelled. Under these circumstances, 
I have thought that the best reply I can make is to restate in a 
shorter manner the various salient points of mv theorv. Pn)b- 
ably, if I had given the theory a name, and properly christened 
my bantling before sending it forth in the world to seek its for- 
tunes. I might have been saved from paternal difficulties. 

To prevent further misconceptions. 1 now name my theorv the 
•'Origin of Mountain-Ranges by Sedimentary Loading and (Simu- 
lative Recurrent Expansion. ' 
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The outline liere given is of the barest character, and for illus- 
tratioDB, details, proofs, and (juantitative calculations I refer 
those who want to know more to the work itself, as also for those 
portions which deal with other theories, and are of a destructive 
rather than constructive nature. 



CoxnrnoN of the Kartii's Interior. 

Thv Earth a Solid Spheronf. 

The latest mathematical investigations go to prove that the 
earth, taken sis a whole, is solid, having a rigidity l)etween that of 
glass and steel. The facts of physical geology are in acconl with 
this view; for if the interior 1h» whollv fluid, as some few conten<i, 
or if the nucleus Ih» solid and the exterior shell solid with a zone 
of molten matter l)etween, as others assume, the explanations of 
the physicul conformation of the surface, its mountains and 
«XH»an- basins. l)ecome (|uestions of flotation only. 

The crust of the earth would lie like a sheet of ice. This fact 
seems to me never to have l>een fully realizini bv those theorists 
who favor either of them* views. 

Thf Siirh'iiH of tliv Earth fHtttMt'HHf's a hit/h T**inpfratnrf, 

There is such a genend consensus of opinion that the earth at 
a depth of from 25 to HO miles Iwlow the surface* is at a temi)eni- 
tun» equal to that of molten rock at the surface that it is unn€»c- 
essary for me to go over the arguments in favor of this widely 
prevalent view. If we ussume that it is so, a very little calcula- 
tion will show that matter at the depth of say 80 miles is sub](>i*t 
to an enormous pn>«sure, to which we can And no parallel by ex- 
|K>rimenUd metlio<ls at the surface. Thirty mile8= 158,400 feet: 
so that if we estimate' that a column of the crust of the earth one 
inch s<iuan' has a mean weight per f(N>t of 1.5 pounds, the pres- 
sun^ at the depth of 30 miles will W in round numl)er8 not less 
than •! 00 tons per wpiare inch, or 14,400 t(ms pt»r scpiare foot. 
It has lHH»n proviMl by the ex|M»rinients of the late Mr. Hopkins 
that there is in certain solids a relation lK»tween the melting- 
|)oint and the pw^ssure: so that, if the nH*k at the depth of H4I 
miles is at a teniperatun* sufficient to melt it under ordinary pres- 
sure's at the surface, the additional pressure of 1041 tons |>er 
s(|uarc inch may solidify it by raising its melting-point, or at 
least rend<»r it plastic. If the pressure increase more rapidly 
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than the tempenitiire as the e4irth is penetrateil, what may U* 
only semi-Holid at HO milen may Y^ecome rigid at greater depths. 

These points, from their nature, are incapable of direct demon- 
stration, hut possess a high degree of probabilit3\ 

Shell of (wrratest Mohi/if//. 

Although not accepting the hypothesis that there is a tluid zone 
under the earth's crust, it would follow from the preceding con- 
siderations that the shell occupying the space between the solid 
rigid cnist and the compresseil rigid nucleus would respond to 
changes of pressure or tem|>erature mon» reti<lily than either the 
crust or the nucleus. 

Facts of Physical Ueomhiv. 

All yreat Mumitahi- Rmitjea art' roniftOMftl of' tjrttit thirhiiftoftn nf 

Sf'tliniftifan/ aitil othvr l^pnnifx. 
Tluit all gn»at mountain -ranges are composcKl of great thick- 
nesses of sedimentary and vcdcanic deposits and igneous intru- 
sions is a fa(*t admitting of demonstration. It is true of the 
Alps, the Andes, the Himalayas*, the Ho(*ky mountains or North- 
American CH>rdillera. the Appalachians, the mountains of the 
(^aucasus. an<l the Trals. The •({uestion at once arises in the 
mind, '-Is this cause and effect?** If not. it is a c<^)incidence 
somewhat in the nature of a miracle. If anyone example to the 
contrary c<)uld be <{Uote<l. the argument of relation would Ik* 
weakened, certainly not dispose<l <»f, but. so far as pn^sent 
knowledge extends, not one can Ik* found. 



♦Mr. C. S. Middlemiss, in his e.xtended criticisms on the *'Origin of 
Mountain- RaoeeH*' (^lemoirs of the Geological Survey of India, vol. 
xxiv, part 2; Physical 6eolog>' of the 8ab-llimala^a of Garhwal and 
KumauD ). calls in question this priQciple, though it is admitted by nearly 
all geologists since Dr. James Hall established the fact as re^rds the 
Appalachians in 1857. Quoting my words in the *H>rigin,** **It is impos- 
sible to point to a range of mountains which has l>een built up of old 
denuded rocks/* he completely misinterprets my meaning, which I had 
thought was plain enough from the whole tenor of the work. To give 
an illustration in the form of a prediction, I aver that no mountain- 
range will ever )>e built up out of any portion of the present laud-area 
of Europe unless, and until, a basin of deposition has been established, 
and a thick sedimentar}' series deposited thereon. The old rocks may 
then be forced up along with the new, and form a constituent {lart of 
such a range. Unfortunately, as regards the Himalaya, information is 
meagre; but the granitic a.xert pointed to by Mr. Middlemiss as forming 
the highest [)eaks of the Himalaya an* just what are reciuired by my 
theory. 
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Sriliiucntary Urpom'ts nut of u'luch Minintdin- lianyvs hue* hitn 

hiiilt up f'.rtenff or<'/* 17f«/ .{ntis. 

The deposits out of which great moiintiiin -ranges have been 
ehiborated l)y foldings, intrusions, and up-heavals are not con- 
fined to the ranges and their immediate neighlK)rhood, but extend 
over vast areas. Speaking generally, modern geological investi- 
gation goes to prove that the thickest deposits lie, or have lain, 
towards the axes of the chains, though they may have >)een de- 
nuded from the actual axes*. Bevond the more folde<l an<l dis- 
turbed portions of the chain which often, so far as the newer 
sediments are concerned, lie on the flanks, the strata take on 
more gentle curvatures until, as in the case of the Trals, the Aj)- 
jjalachians, and elsewhere where ol>serval)le. they l)ecome nearly 
h(»rizontal. or only have dips due principally to faulting. 

The Tertiary and Cretace(»us rocks extend from the Alps to the 
Caucasus and across the Mediterranean to the African coiLst, and 
may lie far lieyond, as little is known of the giM>logy of that part 
of the continent. They reappear in the Himalayas, and may Ih» 



*3Ir. Arthur Winslow, State Geologist of Missouri, in a paper just 
published in the "Bulletin" of the Geological Society of America, en- 
titled "The Geotectonic and Physiographic Geology of Western Arkan- 
sas" (vol. ii. pp. 225-242), has applied the principles enunciated in the 
"Origin of Mountain-lunges" to the explanation of an area in the 
Western part of the state trihutary to the Arkansas river, 100 miles long 
in an east and west direction by fifty miles broad in a north and south 
direction. It is shown in an admirably concise and clear manner that 
the system of parallel interlocking anticlines and synclines liaviug a 
general axial direction east and west is essentially Appalachian in char- 
act4*r; that the Carlioniferous strata of whidi they are composed in- 
crease in thickness from Missouri southwards into Arkansas; that the 
lateral movement bas come from the South, and that the thickest strata 
are the most flexed." Mr. Winslow shows -a point that I have strongly 
insisted upon as characteristic of anticlines— that these geological 
features are elongated canoe- shaped domes having qua(piaver8al dips. 
He considers that the expansion of the lower layers of rock pro<iuced 
hy the rising of the isogeotherms and their conseiiuent protrusion in the 
form of anticlinal cores has fractured the apices of the arches, and thus 
exposed the upper layers to energetic denudation. He infers also tliat 
the developed sections of such foldings are no measure of the original 
horizontal length of the beds a principle I have strongly upheld, and 
which is being conceded by most geologists who have studied mountain- 
structure. The district seems to he one in which the first principles of 
the dynamics of mountain-building can be well analyzed, as then* is not 
such a complexity of causes to Im» considered and discounted as in tlie 
more colo.'^sal disturbances of the great mountain-ranges of the world. 
A few careful studies of mountain physiography such as this by geolo- 
gists who have the opportunity and are ecpiipped with the necessary 
physical knowledge would be of iuflnite service. 
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continuously connected, though this has not yet been proved. 
The same formations extend far to the eastward of the Roekv 
mountains and the Andes, and most probably to the westward 
under the Pacific ocean. 

The greatest ranges of the world have been elalx)rated in Cre- 
taceous or Tertiary times, and the connection between sedimenta- 
tion and upheaval is here most striking. 

Si'diments out o/ v'hich Mountain- Raiigi's hnvf bi'cn fhihoratvd wcrr 
laid down in Jiasinff or Tiupuyhn fonned hif tint htnidiny of t In- 
earth' » vruHt. 

The thickness of the rocks, mostly conformable, composing 
some great mo un lain -ranges has l>een estimated by competent 
geologists at from eight to ten miles. The bulk of the rocks, as 
ju<lged by their constitution, are usually considered by geologists 
to largely indicate either a moderate depth of water or actual 
shallow conditicms. These rocks are intercalated with others ex- 
hibiting signs of a more oceanic origin. All the mountain - 
ranges mentioned may l>e iK)inted to in illustration of this state- 
ment. There is thus evidence that regional fiuctuations of level 
in the earths crust have taken place on a large scale often suc- 
cetMled by, as in the case of the (\)al -measures, continued down- 
ward subsidence combined with shallow-water conditions. 

It is evident, from these facts, that the great earth-troughs, 
in which these materials for mounUiin-building were accumulated, 
were in some cases, on the final completion of se<limentation. 
double the depth of the deepest known oceanic troughs, which <lo 
not reach more than five miles. 

(\)nsideri ng that there is a strong development of Cn»tiictH»us 
and Tertiary rocks extending along the western coast of North 
and South America, it is seen that these operations have there 
l»een carried on on an uiiusual scale. I)eix)sit and alteration of 
level, elevation and subsidence, but prei)onderantly subsidence. 
pn>gres.siMl for an immen.se length of g(H»logical time in these 
areas, occupying not a mean iH)rtion of the earth's history. 

It is not. however, to 1k» a-ssumed that this was a continuous 
trough at any one lime, rather that it consistiMl of :i series of con- 
ne<*ted basins which underwent indepeiulent changes of level, the 
area lH*ing part of the lime low-lying land interchanging with con- 
ditions of submergence. 
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niiitii'lals for Mnuittain-hiiilding. 
(\)iiti»mp<)rjiiie<)us intrusive sheets of volcanic rock are a ei^iu- 
luon occurrence in some part of the sedimentary history of a 
mountain-range. In addition, it is fre(|uently found that vol- 
canic ashes hiid down in water, or subaerially, have a large de- 
velopment in rocks composing mountain-ranges; and nect*8sarily. 
if these occur, dykes and volciinic rocks of the same age must 
exist in the foundation materials of the range. 

DvNA.MK'AL Principles. 

Kvery theory which has hitherto l)een proposed to account for 
the elevation of mountains and the folding of the stratified lieds 
forming the earth's cmst hinges finally on changes of tempera- 
turt». Thus the tangential force generate<i in a rigid crust of low 
temperature by the co<»ling and shrinking of the cnirth's nucleus 
has Ikhmi invoked to jiccount for the crumpling of the cru8t into 
mounted n- ranges: the crumpled skin of a dried apple l)eing the 
stock illustration. In this case, the fon*e called in is mutuniou* 
(H)ntraction by loss of heat. The theory which I iiave elalK>rated 
is one dependent uiK)n altvrnntions of temperature in the cnist. 
contraction and expansion lM)th l>eing agents (»f uplift and lateral 
pn»ssure. 

Han ins of IhpoHition ami fjinnliiiy of tlw earth's vrmtf. 

It has already Ihhmi shown that the establishment of liasins of 
deiX)sition is the (condition pivcedent to the building of a moun- 
t-ain-range. There can 1k» no de)K)sition if there is not land-area 
enough either in the shape of continents, islands, or active vol- 
canic oriti<»es, or all combintMl or successive, to yield the neoea- 
sary sediment. This furthermon* implies (considerable .stability 
of (conditions over h»ngthened j>ericMlsof time (Mmibininl with local 
mutations and (»hanges <»f level, and. as I have indicated, we have 
the histor}' of tlies(» mutations within the rocks of a range. The 
distribution of s(Hliments is de|MMident u|K>n the depth of the 
water surrounding the land and the curnMits (»f the sea (when 
thev are not laid down in lakes or subaerially by riversK hut, 
whatever the conformation of the coast an(i sea-l»ottoni. a «m- 
tiinious dis<*harge of sediment upon it must in time load it. and. 
as provtnl by the enormous thickni^s of nx»ks comi>OAing greiit 



Orlfftn (if ^loinitahi RtUHjts, — Rnulv. 2S1 

mountain-ranges. l>en(i the erust helow the maximum depth of 
any oceanic depression. 

This necessary subsidence again insures the estahlisliment of 
the basin of deposition and its continuous existence. 

Disphwrmeiil of matter in the Shell of Greatest Mohilitif. 

If the matter in a shell of the earth l)etween the nucleus anci 
crust is in the condition I have postulated, it is evident that a 
lateral displacement of the matter of the shell must take place to 
some extent through weighting by se<liment, and this will have its 
<^tfect in raising the levels of the earth's crust surrounding the 
Imsin of deposition; ))ut will not Ih» an agent in mountain- 
building. 

AfnvetHeiit nf the iHOifeothermM. 

It is evident, from the variations in the rate of increase of 
temperature that exist in various localities as the crust is pene- 
trated, that the lines of equal tempeniture (isogeotherms) in the 
earth's crust are subject to change, for it is not to 1h» supposecl 
that the temperature gradients have remained in their existing re- 
lations for all time. 

It is also evident, as first shown l)y Babbage and Herschel, that 
the covering of any particular area of the earth with sediment 
will ncK'essarily raise the temperature of the crust lielow*. If, 
therefore, we a.Hsu me a thickness of 10 miles of sediment to Ik* 
laid down in a basin of <leposition or earth-trough, and the mte 
of increase of temperature to l)e one in fifty, what were originally 
«urface-n)cks possessing a surface-temperature (ietermincnl by the 
climate of the l<K*ality will Ik» raise<l in temi)erature over 1,000° 
Fahr., and eventuallv the whole of the nnderlvinjr nn'ks of the 
earth's crust even l>elow the shell of greatc*st change will \w pnn 
portionately atfected. The 10 miles of overlying sediments under 
iiuch c(m<litions would l>e raised 1,000° Fahr., at the base, dimin- 
ishing to zero at the surface. 

Kffevtn nf the rine of tem^n'ratitre ott the Fointihition Roehn. Ini- 
tial St aye. 

The section of the crust of the earth weightinl and heate<l at 
the same time will be subje<'te<l to a gnidually increasing com- 
pressive stress. So long as the tK^tual expansive force of the 
heateei crust is insufficient to raise the weight of seeliment being 

*Thi8 i8 well explained lK>th by Babhage and Herschel in the i^h 
Brldgewater Treatise. 
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piled iijx)n it, it will eontiniie to sink, though subject to vertical 
pulsations of level due to other causes, which it is not my object 
to treat of here. But there will eventuallv come a time when the 
accumulated stresses of the expanding rocks will overcome the 
weight of sediment, and then the upheaval, folding, and building 
of the mountain-chain will begin. Hut it is not to be supi>osed 
that the rise of temperature takes place with the mathemati<^al 
precision described here for mere purposes of explanation*. 1 
have shown that volcanic action often contributes to the founchi- 
tion materials of a mountain-range, and that intrusive sheets and 
dykes penetrate the sediments, and ash beds are laid down l)efore 
the initial movement ushering in the birth of the range takes 
place. It is evident from this that there will be great variations 
of temperature taking place in the founihition crust and the sedi- 
ments during their laying down. 

The whole series of rocks, volcanic and sedimentary, will form 
a complex which will lK»siniultane(msly, butditferentially, atfecte<l 
by the folding and elevation when that begins. 

l^iilovkuuj f/if i(/nf'(His forrcM of thr varth. 

When once the elevation initiated only by piling-up of sedi- 
ment, the sinking of the crust, and its consetjuent heating — 
otherwise by the rise of the isogeotherms — is established, a move- 
ment of the interior heated matter of the earth must take place 
towards the axis or axes of the range. This is pn)ved by the 
friM|uen(!y of granitic cores in great mountain-ranges, by the v<»l- 
canic action accompanying their eU»vati<»n, and its persistence or 
recurrence in a ranjje even late on in its historv, as instanced bv 

♦This Heeins a fruitful source of difticulty with some miuds, beginuinsj: 
with Hopkins and ending with Huttou. Fisher, and Middlemiss. Their 
position seems to be this: if the rise of the isogeotherms into the new 
deposits eventually wrinkles and lifts them, why does it not begin at 
<mce? Why, for instance, should not 100 feet in thickness cause a rise, 
and if it do<»s, how can thick beds ever be deposited? But tliere arw 
thick beds, so the alleged prim urn mnhih- never acts. Q.E.D. 

After making, as I fondly tliought, full explanation of the uoHhm 
opernatU, I never anticipated ihe establishment of what a sense of 
humour compels me to call tkuoiher po tin nHinorum, Even supposing the 
isogeotherms rose as rapidly as the deposits were laid down, the <lej>osits 
could not be lifted until sufticient force accumulated to overcome the 
gravitation. But in a sinking area, as I have pointed out, if there be 
anything in the principle invoked, the presumption is that the isogeo- 
therms are in process of sinking also, and it may take a lengthened 
|M*rio<l of sedimentation l)efore they begin as a series to move upwards. 

There are many other possible conditioning causes. A practical 
mechanical mind should .soon see through this imaginary difliculty. 
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ho An(U»s, Koekies, and the mountains of the (^lucasus, where 
olcanie cones surmount some of the highest granitic peal«s, show- 
ig that these are the lines of least resistance through which the 
iterier forces of the earth expend themselves. 

Itatiiitf of thf rnrh's of tint M(nnitniti-Roiiyv rfrnrrrnt on<f coii- 

Htoiitlif I't'uvired ilin'inif itn histori/. 

It is thus seen that the heated interior matter of the earth is 
onstiintly luMiig drawn towards and injected into the constituent 
ramework of a mountain-range. When" onci» the elevation of 
tie se<liments consolidatcMl into rocky matter in the earth-trough 
egins through the influence of lateral prt\ssure and the expand- 
ig mass iHMieath. a reduction of pressure and increase of volume 
ikes place in the underlying fused rock. The comi)ressive 
tresses of the rigid rock are partially relieved by folding and 
pward flow, and the temperature of the mass falls. Additional 
used matter luus l>een drawn from the interior, and in process of 
ime the rocks of the range l»egin again to rise in temperaturt». 
uch fluctuations of temiH»rature are well shown in the intermit - 
*nt character of volcanic action. After a gre^it outflow of lava, 

volcanc) is (|uit*sceiit. sometimes for centuries. It has lost so 
mch matter and so much heat, but the forces accumulate 
uring the time of (piiescence to burst forth with renewed vigor, 
uch intermittent activity 1 conceive is what takes place on a 
irger scale in the history of a mountain-range, but with greater 
me-intervals. 

Dt/itftmirftJ Effrrt nil thf strotfl of thr ri'tiHt Jnf RUt' of 

Tfutpcrnturt'. 
The etfect of a rise of temperature on the rocks of the earth is, 
scepting in the case of unconsolidated clays, to increase their 
ulk. From a great numlH»r of experiments made by me on 
indstone, slate. limestone, and marble, T have estimati*il the co- 
flcient of expansion of average r<x*k at 2.75 feet lineal j)er mile 
>r everv rise of 10(1° Fahr. : but there is everv rea.son to lK»lieve 
lat the coertieient of expansi<»n rises at higher temperatures than 
lose at which my exiH»riments were conductxHl. It has b<H»n 
rgi*d by some of my critics that 1 have not allowe<l for the com- 
rt»ssion of the sediments filling the earth-trough into densi»r 
uiMS€*s. but have credited all the expansion to mountain-building*. 

♦HuttOD, Preaiclental Address, Section C, Melbourne Meeting of the 
ustralasian AsRociatlon for the Advane«Mnent of Science, p. Sl». 



It has lK*eii overlooktMl that T have already explaiinnl that the 
weijijht of the mass alone will, l>v eoinpressivc extension, consoli- 
date the biuls below bv reiUieint' their thickness. Also the denser 
sedimentary nx'ks are often denser only by infiltration. This is 
particnlarly the case with sandstones, where the conversion into 
the final stage of (juartzite is by the deposit of secondary silica 
in the interspaces of the grains, not by condensation. 

Clays contract on heating; but. according to my views, tiie 
contraction of such IkmIs in an earth-trough will 1k» vertical only, 
by rea.son of the superimposed weight. A stage of metamor- 
phism is at least arrived at, as we see in clay-slate, when the ma- 
terials of that rock, originally clay, become metamorphose<l so as 
to behave like other rocks, and expand with a rise of temperature. 

Even if these criticisms jKis.se.ss much force, they do not apply 
to the rocky crust of the earth already cons()lidated forming the 
earth-trough in which the sediments dre laid down. There will 
Ik* little or no loss by condensation in them, only straining or 
change of form. It is obvious that deep-seatetl rocks must 1k» 
so compressed by simple gravitation, that latend prt»ssure will 
have little effect in further condensing them. 

RtvurreiU r.rpatigion rnuiuJativ*' in its effects. 

If a given area of the crust of the earth is raise<l in temj>era- 
ture, when the limit of ehusticity is reached the surplus nuiterial 
must be disjiosed of by a change of form: it will rise in the line 
of least resistance. 

Assume that the .surplus due to the cubical expansion of a 
horizontal sheet is thrown into a ridge, and that then a fall of 
tt»mperature takes place to the same extent. The material ridginl 
up can never Iw drawn back again; it iKH'onies a (K^rmanent feat- 
ure of the earth's surface. The contraction must 1h» satisficHl in 
another way, either by breaking up into blocks, faulting and sub- 
sidence extending through its substance, or by vertical ct>ntnic- 
tion alone, and the lengthening of the beds by compressive exten- 
sion due to the weight of superimposed materials. Pn>bably 
both these principles generally come into operation together in 
nature. The earth is lK>und to retain its solidity in whatever was 
that may be satisfied. If a rise of temperature then succihmI^. 
the efifect will Ik' jus U^fore, and deformation will n»sult, its Im^ality 
lK»i ng determined by the line of least resistance. 

In the case of a mountain-range it will take place along or 
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punillel U) its axis, ami the range will receive another accession 
of hulk. 

Thus we see that the etTect of alternation of temperature 
in the earth's crust leading to the estuhlishment of mountain- 
chains is cumulative. This cumulative effect of small alterna- 
tions of temperature may be seen in the ridging-up of any old 
lead gutter, lead flat, or lead-lined hath or sink. It has l)een 
likened to a ■•rachet" movement, which is not an inapt illustra- 
tion if taken with the necessary (lualifications. 

Effects of co.vtractiox. — Normal FAii/riN(j. 

Normal faidts. that is faults that hade to the downthrow, are 
the result of contraction, and aiv iK>sterior to the first plica- 
tion. Any section of a mountain-range traversed hy normal 
faults shows the folds sheared in a way that proves this. Nor- 
mal faulting is. however, most i)revalent in the less disturlHMl 
straUi that flank a range. The mountain-range pushe<l up by 
succt*ssive latend thrusts or recurrt»nt expansions acting over a 
gn»at length of time and the folds thn>wn back and further com- 
pn^ssed by the cores of gneiss and granite intrude<i into them, 
iKK'omes a solid mass which cannot be dniwn back by contraction. 
Contniction therefore has its maximum effect on the mon* hori- 
zontal deposits that flank the range, and exten<l for considerable 
distances on either si<le. 

As the crust of the e^irth must remain solhl. the condition is 
satisfiiHl by shearing and wcnlging-up by gi*avitation. — othei-^^ise 
by normal faulting. Contraction of igniM)us masses beneath may 
induce this faidtini; in some cases, but it is not a nt»c'essarv c<»ndi- 
tion. Cubical contraction of the solid crust is sufficient. 

yi/M/rr/'x tit Mom*' objtrtitnis. 

The object of this outline of mv tluM>rv is to f<K*us its salient 
|>oints. as many of my critics for some reason or other have failcMl 
to grasp them. What they critcise is freipiently not my the^»ry. 
but some rather vague notion calliHl the •llerschel-Jiabbage' 
tlMH»rv. What is exactly covertnl by this description 1 have a 
difficulty in ascertaining. On the other hand, one writer calls 
Mr. O. Fisher's tlieorv. with which mine has no analoirv. the 
'•Herschel-liabbage ' theory. I trusty 1 shall give no offence by 
n*pudiating this labelling and claiming the theory as my own. 

Neither llei*schel. Scrope. nor Habbage ever a<lvanced so far as 



to olji)K)rato whnt ooiild ))0 iiistlv called a tlu»<>rv of Mountain- 
hiiildinij:. Tlu»v gave to the world some fruitful suggestions, and 
acute ivasoniug tlien^on. which have been of considerable use to 
a succession of speculators in geological physics, and to myself 
among the rest*. One of the most frcHjuently nrg<»d objections 
to my theory is the supj)osed inadecjuacy of expansion by rise of 
tempeniture to account for the excessive folding some mountain- 
chains have undergone, linear expansion only l>eing considerefl. 
My reply to this is that even linear expansion alone places at our 
<lisi>osal more lateml movement than x\\\s other theory. It \% 
true that those speculators who have invoke<l tangential thrust 
through the assumed shrinking of the earth's nucleus, have had 
at their command any amount of lateral movement their imagina- 
tion lik(Ml to draw upon, hence the simplicity and success of the 
tht»orv — for a time. It has. however, been shown pretty clc»arly 
that the bank uiK)n which these chcHpies have been drawn is one 
of very limited liabilityt. and ([uite unecpial to honoring them. 

l*n>f. Hutton, in his very able address to Secticm C of the Mel- 
l)ourne meeting of the Australasian Associati<»n for the Advance- 
ment <»f Scienci*, gives an excellent n'^umt^ of the various 
hyj>othc»ses that have been suggeste<l to account for mountain- 
buihliug. I confidently appeal to his description to show that, 
omitting the th(M)ry of secular contraction of the earths nucleus, 
which he <lisposi»s of very etfectually. none of the suggestions, 
tlu»ori(*s. or hy|)otheses except the one I supiK)rt provides any 
lateral movement other than that <lue to intrusions of molten 
rock. 

Prof. Ilutton. in his <lescription of my theory, doubtless given 
in the greatest gfMMl faith, leaves out what are in my view some of 
its vital and essential p<»rtions. 1 gave as an illustration the 
cubical expansion of an area of njck 5(»0x i^^^^^X 2(> miles, and 
showed that it wouhl. if raised l.OOU® Fahr.. have an etf€»ctive 
increase of bulk of 52. l*{r> cubic milest. Prof. Tlutton se<Mns to 
assume that this is the Alpu.v an<l ()mk<».\ of my theory — the 
iH'giuning and the en<l. 1 cannot but think it strange that he 



^Tntil after my work wa^ puhlisheil I had rea^l nothing of this but 
what wa8 coutained in Lyell's '^Principles" and letters, and Babl»age*8 
paper, road before the (roologital Society in 1H84, nor had I read Scrope's 
views. 

■••Soe Iluttcm's e.xnniination of this th«M)ry in the Address referred to. 

J^Oriein of Mountain- Han ees." p. IHJ. 



nhould take this view, ii8 one of the first ehaptei*«t details illus- 
trative exi>eriments to give the reader the first conceptiou of re- 
current expansion. 

The fact is, that there is no limit to the lateral movement pro- 
videil by recurrent expansion, exceptint; the natund limit of the 
nundn^r and intensity of the successive cluuiires of temperature. 

I can assure Prof. Ilutton that if 1 had advanced no further 
than the single constructive conception of cubical expansion as 
an agent in Mountain- Building, in itself <n*iginal — or, at all 
events, not contained in the llerschel, Habbage, Scropi*, or Lyell 
conceptions of the etfects of expansion on the earth's crust — the 
'Origin of Mountain-Ranges" \v<»uld never have Ikk^u written. 

The object <»f this outline being to correct some prevalent mis- 
conceptions of my views, I have confined myself principally to 
restating in a shorter form the essential principles of my tluM>rv 
of mountain -formation by sinlimentarv loading and cumulative 
recurrent expansion. For all the details, pnH>fs, illustnUiouM. 
and numerical calculations I must, jis liefore stated, refer those 
interesteil to the original work. Perhaps it nuiy lea<l .some who 
havealremly read the -Origin of Mountiun- Ranges'* to again read 
and reconsider it. when I trust the [)oints T have touched on in 
this outline will add to its luciditv. Honest criticism, even if 

ft- 

severe, is <me means of elucidatinij the truth, and T not onlv 
invite but welcome it. 

Park Corner, BlundelUanils, 
Liverpool. 



NOTES ON CAMBRIAN FAUNAS. 

By (i. F. -Matthew. St. John, N«»w Br^u^wU*k. 
/. Thv 7'avonir Fmiiui nf KiinnoiiH roiiipamf uith (^unhrlmt 

horizoiiH uf tlw St. John (i rnnp. 

In view of the discussions now going on or that have Ikhmi held, 
in regan! to the vexed (piestions of Taconic and Cambrian, a few 
wonls of comment on this long imiK»rfectly-understood and little 
known fauna, may not be injnsidered out of place from one who 
has Ijeen at work on the lower paheozoic r(H»ks of a neighlM»r- 
ing region. 

Emmons' original tyi>es have at length Ihhmi fully elucidatt*il, 

♦/^>iW. Chap. III. 



2>'> Tin' Anifi'lrtiti OrohnjiMt. NuxciiiUt, l?<l*l 

and to tliom have been added many species from Lower Cambrian 
horizons by various authors and especially of late by Mr. C. D. 
Waleott until we now have what seems to be a very formidable 
array of sj)eeies. These are all classed tojjether as the '-Olen- 
ellus fauna", but there appears to lie n)om for a considerable im- 
provement on this ji^eneral classification in the future, when the 
relations of the different jjjroups of strata shall be l>etter under- 
st<MKl. To the writer it api)ears that there are indications of more 
than one horizon of life in the avssemblage of forms that have 
been collectively desi<jnate(l the Olenellus Fauna. This api>ears 
to me to be indicated by the fauna of Washington county. N. Y., 
the source of Kmmons' tyiK*s. and which has been rcvently 
studied bv Mr. Waleott.* 

Tntil lately, and in fact until Mr. Waleott undertook this ex- 
ploration. this fauna was so imperfi^ctly known, that except as 
n»gards Ohmlhm ttstijffton/ix no use could 1h» miule of Kmmons' 
discoveries for the exact comparison of faunas. 

It is true that Mr. S. W. Ford pronounce<l Atopa trUinvatm* a 
('ono<'oryphe, but without a figure and without knowing the 
MMise in which he used the name no definite* advantage came 
tlii*n»froni. This t(»rm ronocoryphe ha<l been so U)osely ustnl in 
Kngland and elsewhere that it had lost its generic value when 
cursorily used. .Mr. Waleott s figures however enable us to see 
that Afojm triliiiciitHs is a true (Vnocoryphe. 

In taking up the most j>rominent genera of this Washington 
(•<»untv area one may begin with 

(\nnKOi\t/f}lH' frifuitafu. t 

This species is of especial interest as combining the head of a 
('onocoryph(» with the pygidium of a (Uenocephalus. It is not 
a Ctenocephalus however, because the characters of the head 
shield h1iou1(1 receive the first consideration, and these make it 
a Conocoryphe. As a (%)n(M*oryphe it should have but fourttHMi 
to sixt<»en segments in the thorax: the seventeenth segment in 
this species will repre.sent the first segment of the pygidium of an 



■^'Kniiim of tlM' I pper Taeonie of KtumouH in Washinjrton Co., X. Y. 
C. I). Waleott, Am. Jour. Sci. Vol. xxxiv, Sept., 1887. 

"♦^TIh' author fully agrees with Mr. Waleott that it woidd not b«» wis*' 
now to utt('ui|tt to restore the name Atops for Conocoryphe as it wouM 
u|»*«*t the nomeiielatiire of the latter genus, largely used for more than 
forty yearn. Atops was not defined so as to 1h' reeognizahle, either at 
the tlrst, or for many voars afterwanl. 
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orcliiiary Conocorypho in which this si»ji:nient is aiichyloseil in 
the pygidiuin, and not free as represented in (\ fri/uiratft. 

Wherever known (except in this district of Wjishinjjton county) 
the home of the Conocoryphea is in the Lower J^iradoxides beds. 
This is the case in the south of France, in Spain, in Wales, and even 
in Swe<len. In this latter country a s|>ecies has been found in 
tlie UpjHT Paradoxides IhhIs. but still the great swarms of these 
trilobites are found in the lower IxhIs. This is also strictly the 
case in the St. John group. 

Oh'iif'lhts (iHnpfionff'M. * 

The fact that this species is not interminglefl at any locality 
with the Olenelli of Vermont, seems to me significant; and pn)ba- 
bly shows that we are dealing with a fauna of a different horizon 
from that where 0. thompHonl and 0. (J/.) rvnnoutumn occur. 
Had this species l)een found in a region disUmt from the two 
Vennont species, it might lx» reganletl as a cotc^mjwrary regional 
variation of the type, but being so near at hand the probablilities 
are in favour of a difference of age l)etween the Olenelli of the 
two places. O. axaphoiths is the sj)ecies whose development was 
so well shown by Mr. Ford, and by him compared to that of 
Paradoxides. 

MlrnnUnriiH ran Hf\ru)t. 

This species shows |>oints of close resemblance to those of 
the I^>wer Paradoxides IkmIs. It is a comix)site of the characters 
of ^f. (Jatrsoni of the St. John group (m 3f. eurtitt run of Sweden. 
Pr. Linnarsson in his essay on the Lower Panidoxides bcnis of 
Andranim, gives a careful analysis of the layers which make up 
these l>eds, and of the faunas which they contain; an<! it may Iki 
seen that ^f. puctntrnx comes from l)eds which by the containe<i 
fauna correspond to the highest of our Div. 1. c lx»ds and the low- 
est of 1, </t. Thus the form appears to have shown itself a little 



♦This 8i)ecie8 was originaly described by Emmons a« EUiptocepJuiUi 
tiMplioideM, and it ap|)ears to me now, that this name should have been 
retained; but I use the nam«* by wliich tlie species is commonly known. 
fFor the convenience of those not familiar with the series of faunas 
found in the 8t. John group, the notation is given below: 
Division 1 (Acadian). 
a. No fauna known. 
K Fauna with Agraulos articephalus. 
r, 1, Fauna Panulox. lamellatus, c. f.oelandicus. 
r. 2. Fauna Paradox, etemlnicus c. f. rugulosus. 
d. Fauna Paradox, abenacus c. f. tessini. 



later in Sweden tliaii in New Brunswick ((Vmada). as M. dtnc*nui 
characterizes the lower IhmIs of I)iv. 1, r. But still th(» form in 
lK)th countries is within the Lower Paratloxides IkhIs. 

Lin na rssou in tarun iva . 

Mr. Waleott six>aks of this iis a Lower (^unbrian (/. /-. Para- 
doxides l>eds) type, and says it is related to L tnniMo* nt (of the 
St. John group) and L Hayittalis (of the Menevian group). The 
resemblance to the St. John species, which ranges from Div. 1 /^ 
to (/, is well markcHl. 

Orf/tis tit(hitu'nsii(. 

This form may 1k» compared with Orthinimi piUicn <»f the Par- 
adoxide^ IkmIs of Spain, and with 0. (r. /*) hirksi of the St. John 
group. The latter is found in Div. 1. <•. /. 

Jjfpcrditiu (fcnimtnidts. 

This agrees in form with an undescrilKMl species from I>iv. 1 
//. J of the St. John gi*oup. 

Without going into the comparison of other species of tlic 
Washingt4)n county fauna, which also rcseml)le forms of the 
Paradoxides IkhIs, it apjH»ai*s to the writer that those alreacly 
mentione<l prove a very close alliance lictween the Washington 
count V fauna, and that at the bjtse of the Paradoxides IkhIs: and 
hint at the probable cotemjK)raneous or nearly cotemporaneous 
existence of the two fauntvs; not in the same area iHM'haps. but 
in districts not verv far remote from each other. 

As alrejuly remarked the partial indeiHMidence of the fauna 
with O. uMtipftoith'H from that with O. tJtowpsoni points to a <lif- 
feivnce of :ige U^twiHMi them. These are points which futuri* 
investigation will determine. 

To summarize the bearing of these remarks on the age of the 



t\ Upper Panido.xidcH lieds, no fnuna known. 
Division 2 (Johannianj. 

It. AghotjtUH pisiforwis,* supposed place of. 

h. Fauna with Lingulella stanri c. f. davidts. 

<*. Fauna with Linv:nlella radula c. f. Ie)>i8. 
Division 3 (Breton ian). 

If. Fauna with I^rabolina spinulosa. 

/'. Fauna with Peltura dcarabeoides. 

''. Fauna with Dictyouemn Habelllforme. 
, S Black Bhales— Fauna unknown. 

■ > Place of Tremado<* (Ceratopyge) Fauna. 

iL Fauna with Tetragraptua S-hranchiatus, ♦'tc. 



*Atjito*t»* pi^ifonni* i» not foiiiul in the St. John Haniii but fiirtlHT inland. 
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WuHhiiigtoii oouiity fauna, one ma>* tabuiaU' the range of the 
relatinl npecies in the St. John group, as foUows: 



Division 1 (Acadian). 



Band. 



Conocoryphe trillneata 
Olenellus asaphoides 
Microdescies conuexus 
Llnnarssonla taoonica 
Orthis salemensis 



b. 


c. 1. 




d. 




X 
X 


X 




X 


X 
X 


X 


X 



The atfinities of these s|x»eies are thus as far as one (»an see 
with s|)eoies of tlie Lower Para(loxi(U*s IkmIs, lM)th American and 
Kuro|>can, lait we may also note that there aiv no spt»cies recog- 
\\\7A*si\ as identical. This may l)e accountiHl for either by ivgicmal 
<liversity. or by a slight ditference of age. 



THE SOURCE OF THE MISSISSIPPI RIVER. 

.J. V. Hud w Eli, St. Fiml. .Minn. 

Geographical discoveries in the state of Minnesota having Uvn 
ern)neously (iU(»stioned and persistently misrepresentwl, the Min- 
nesotii Historical Society and citizens causinl a detaile<l hydro- 
graphic survey of the Ttasca basin Xa) lie made, and an exhaustive 
report then»on has Ikhjii c*omplete<l. Ante<lating the publicaticm 
of the re|K>rt, the following information is given in advance, for 
the information of those who desire the peri>etuation of gt»o- 
graphic facts and the truth of history, the same having Ikhmi 
called for by hi« excellency, the governor of the State, and duly 
re|)orted. 



[cocv.| 

MiNXKsoTA Historical Socikty, 

St. Pai i^ Feb. 12, 1S81*. 
Tv J. y . linnrer, St. I*nul, Mimt. 

Sir: Keposiii!^ e8i>ecial contidence in your ability, integrity and good 
judgment, the Minnesota Historical Society, together with other ftiniilar 
societies who may unite with us for this obj<*ct, does hereby appoint and 
commission yo\i to make a careful an<i scientitie survey of lake Ttasca 
and its surroundings, with the view of determining, by a thorough ex- 
amination of the spot, and of all its physical features, umler all circum- 
stances, what is the true an<I actual source of the Mississippi river. 

We therefore request you to select such a cor|>8 of assistants as you 
may need to properly carry on su<'h survey, and proceed to lake Itasca, 
prior to the opening of spring, to take the necessary ol>servations with 
the al>ove object. 



On tho completiou of your survey you will please make a report to us 
of tlie result of your investigations. 

On behalf of the Minnesota Historical Society: 

Henry H. Sibley, President. 
\h. s.J J. Fletcher Williams, Sf^rMnri/. 



[copy.] 

State of Minnesota, 

Executive Departmfnt. 
William 7?. Merrioin, Gorfnyyr of said State, to J. V, Jirotrer, of Ranmey 
Cnunty, sends greetinfj: 
Iteposing especial trust and confidence in your prudence, integrity and 
ability, I have appointed you, the said J. V. Brower, as commissioner of 
the Itasca State Park, pursuant to an act of tl»e Legislature of this State, 
approved April 20, 1801. 

Vou are therefore by these presents appointed and commis8ione<i 
commissioner of the Itasca State Park, as aforesaid, to have and to hold 
the said oftice, together with all the rights, powers and emoluments to 
the said office i)elonging or by law in anywise appertaining, until this 
commission shall be by me or other law^ful authority superseded or an- 
nulled, or expire by force or reason of any law of this State. 

In testimony whereof, I have hereunto set my name and 
caused the Great Seal of the State of Minnesota to be affixed 
at tho capitol, in the city of St. Paul, this fourth day of 
^lay, in the year of our Lord one thousand eight hundred 
and ninetv-one, and of the State the thirtv-thlrd. 

By the Governor, 

William R. Mkrhiam. 
F. P. Bm>WN, 

1 1.. s.| Sm'if4iri/ of Statt. 



THK (;()VKKNOirS HKQUKST. 

State ok Minnesota, 

KxKcrTivK Department, 

St. Pavl, Aug. JJ, 18in. 
Ifnii.J. V. Jh'oirer, CtaaniiHHinU'i' of the Tfasra State J*ark\ 400 Jaekson 
Street, City. 
Sru: Putdications in the papers of the state have been made within 
a few days past regarding the reputed discovery by a citizen of the 
State of Xew York of a new source of the Mississippi river, which he 
<'laims to have made in 1H81, and has since widely published his right to 
be considered as its original discoverer, and causes (*hange8 to l>e made 
in th<' maps of our state in support of such discovery. 

>rv attention has been called to these statements bv citi/.ens interested 
in tho truth and correctness of tlie geojrraphy of our state, and it is de- 
?«irable to have some definite and correct statement officiallv made as to 
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the hydrographic and otlier features of the Itasca basin, authorized by- 
law to 1)e set apart as a public state park, gained from a thorough 
physical knowledge of the same, to the end tliat facts regarding the 
ultimate source of the Mississippi river may be established and pub- 
lished for the benefit of the people of this state. I therefore request 
you to report to this department any facts m your possession which may 
be deemed pertinent to this question which has come to your knowledge 
as commissioner or otherwise. 

Yours resi>ectfully, 

WiUJAM H. Mkkriam, 

Goternor. 



THE COMMTSSIONER'S REPORT. 

State of Minnesota, Itasca State Park, 
Commissioner's Offite. 

St. Pail. Minn., Aug. Kl 1891. 

//m E,rrf'!Uni'if. Will in III R. Mtrriain^ Gorvnioi' of Miinic»otti. 

Sir: 1 have the honor to iieknowlodge the riKjeipt of your 
favor of the thinl instunt. requesting me to re|K)rt to your de- 
piirtment any facts in my i>ossession. as commissioner of the 
lta.sca Stiite Park, or otherwise, descriptive of the hydrographic 
and other features of the Itasca IwLsin, authorized by law to be 
set apart as a pul)lic park, to the end that facts regarding the 
ultimate source of the Mississippi river may Ik' esta))lishe<l and 
publishtMl. 

During the year 1H80. as a special commissioner of the Minne- 
sota Historical Society, a co-ordinate l^ranch of the State govern- 
ment, 1 made a detailed hydrographic survey of the source of 
our great river, and formulated an exhaustive re|)ort theriM)n, 
which has not jus yet bi*en puhlishe<l. 

From the field notes then taken, the corresjK)ndence. and all 
examinations and researches made, T have the honor to re|M)rt the 
following facts for the use of the executive depai*tment of Miii- 
ni»8ota. 

The dnunage basin of the Mississippi river extends from the 
gulf of Mexico, at the mouth of the river, to an ultimate limit 
alK)ve and beyoiul Itasca lake in this stat/. This great basin, 
mort» than l,00O,00t> s(iuare miles in extent, is Ixirdered on the 
east by the Alleghany and other ranges, and on the west by the 
Rocky mountains, and contains alM)ut lOO.tMK) rivers and streams, 



which rtow toward jind fimiiiy discliurge their waters into the 
Missinsippi. principally through the mouths of the larger and 
more imix)rtant confluent and affluent trihutarv rivers. Tliem* 
watei-s are entirely supplied by tfie copious pn»cipitation char- 
acteristic of tlu» fertile hasin drained from north to south bv the 
Mississippi, as its principal and most important river. 

To follow the proper rule in ascertaining, under commission, 
the true and actual source of this principal river, for geojjniphic 
purposes. 1 consulted Kuropean and American giH>ji:i*aphers. 
scientists and authorities, gaining the following varicnl informa- 
tion as to what constituted the source of a riv<»r: 

••That the main stream of a river is that which flows along the 
lowest depression of the basin, and that a tributary which de- 
scends into it from a higher elevation, even if longer, is not U> 
be c<msidered the main stream/' 

••A river cannot have a source but manv sources. '" 
'•All our rivers have their source in the clouds. " 
(This authoritv does not sav tlkit the clouds emanate from the 
<K*eans of the earth, or whence came the <K*eans.) 
••The hl»ad of the longest continuous chaniu»l." 
••The sources of a river which are in a right line with its 
moutli, particularly when they issue from a canlinal (xiint and 
flow to the one directly opposite. '" 

Other authorities, some remote, and but a few reliable, sug- 
gest that the source must 1k' a lake: must 1k» the Iargi»st lake: 
shouhl Ik* the inner flanks of the hights of the lan<I sum>un<ling 
it: should be the source, InH'ause it was next to the historic pass, 
1)V which one river had, from ancient times, been left t<^ n»aeh 
another: bi^cause it was furthest from the mouth of the svstem: 

« 

iKvause it led <lowu to the axis of the general valley of the )>asiu: 
iHH'ause it was at the head of the stream of largest volume: Ik»- 
cause it was gt»<ilogically oldest, etc. 

This widespread variance of authorities. g<MHl. bad and indiffer- 
ent, gave me but little <*omfort in an interesting gtM)graphic and 
historic research, the source of no two principal rivei*s of the world 
lH»ing alike, and 1 arbitrarily adopted a reliable rule of no uncer- 
tainty, a rule of nature, in asceiiaining where the waters wen» 
gathered which form the ultinuite source of the Mississippi, ami 
for that purpose the length of the main river in statute niih*^. 
up through the valley of the basin, was ascertaintMl from the 
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official records of the United States trovernnient and otherwise, 
with the foUowinjj result: . 

From the gulf of Mexico, at the southwest i>ass, up the chan- 
nel of the river to city of New Orleans 111.00 

From citv of New Orleans to mouth of Ohio river 065.50 

From mouth of Ohio river to city of St. Louis 182.00 

From city of St. Louis to city of St. Paul 728.75 

From city of St. Paul to falls of St. Anthony 13.00 

From falls of St. Anthony to Winnibigoshish lake 482.50 

From Winnibigoshish to range ^S west of fifth principal me- 
ridian* 00.50 

From range ;36 west of fifth principal meridian to foot of 

Itasca lake 17.27 

Total 2,540.52 

Thus it appeared that the main river of the Mississippi basin 
extends from the jjiilf of Mexico to the Itasca basin, a limited, 
permanent depression ui)on the surface of the earth at the ulti- 
mate source of the river. 

The jjeolo^ic and natural features predicatiuj^ this conclusion 
are so well known and establisheil that no reference to them 
seems m»cessarv in this communication, exceptino: the i)ossil)ility 
tliat the Missouri river, remotely suggested by occasional in- 
(piirers, might be calle<l the main river: Imt inasmuch as it is a 
confluent branch of the main stream, coming in at one side, sim- 
ilar to the Ohio and Red rivers. I see no good rea.son for discus- 
sing that (juestion at this time, nor do 1 deem it necessary to fol- 
low the historic data, however inU*resting. which has brought to 
our notice and knowledge the existence of the nuiin river extend- 
ing from the gulf to the Itasca basin, where it takes its rise, for 
there can l)e no well-founded disagi'eement as to that fact. 1h»- 
cause the discovery of the Mississippi, ])v piecemeal, is co-ex- 
tensive with the discovery of the coast line of North America, 
and the facts are indisputalde, in consecjuence of which I must 
Imse ray reply to your executive communication u|>on the facts as 
they have Ikh^u found to exist at and al)ove Itasca lake, which has 
l)een for so many years recognized as the true source. To defin- 
itely determine those facts it In^came my official (hity to ascertain 
whence came the waters of Itasca lakc^. This recpiired a line of 



♦(The ofHcial i!nirv<»y.s of the Inited Stnto»* extend, upon the innln rivtT, only to the 
point where ranj^e 80 went of the tlfth principal meridian intcrneets the channel of th** 
river to and beyond Itasca lake. The fractional milcM are taken from the record as it 
exietH.) • 



levels in the field with the following result, toaseertaiii elevations 
jilH)ve the sea: 

KKET. 

Gulf of Mexico 0.0 

City of St. Louis, ahove the sea •*)84.8 

City of St. Paul 080.5 

Above falls of St. Anthony (Minneapolis) 782.0 

Below Pokegama Falls 1,248.0 

Wiunibigoshish lake 1,202.8 

Cass lake 1,:K)2.8 

Itasca lake 1,470.7 

The ollieial reports of the Tnited States government give the 
elevations to and ineluding Cass lake, and an actual line of levels 
across the countrv from the railroad svstem of this stale to Ita.Hca 
lake, run bv me in ISHO. demonstrated its actual elevation alM)ve 
the sea at its outlet. The railway levels connect with the jrovern- 
ment levels. 

With the distances and elevations thus ascertained, mv survey 
of the ultimate source of the Mississippi river commenceil in 
March, 1H8!», upcni the frozen surface of It^isca lake, at the centn» 
of the channel of the river, at its ilvhnurkun , innw the extreme 
north end of the lake. 

At a remote age the Itiisca basin was the bed of one lake, now- 
extinct, which I (U»em it a privilege to d(»sigmite as lake Upham. 
and from this one lake, of unknown ag(»s. by erosion, the waters 
probably having been increased by copious prtH'ipitation, cut their 
way through the ice formation and alluvial stratum to a uatund 
condition of the river bed. as it now exists, immediately Indow 
Ita.sca lake. This process of natun*. the waters passing to h)wer 
levels, has given us nearly one hundred lakes ami lakelets within 
the Itasca basin, svstenniticallv divide<l apart. ea<*h of a ditfenMit 
elevation, up the inner Hanks of the Hauteur de Terre, surrouml- 
ing the whole, from the summits of which the waters areretunio<l 
to the o<'eans. through Hudson's bay and the gulf of Mexict). the 
Itasca basin itself being ;dM)ut seven miles long and five in width, 
and sulmidiary to the nniin basin of the Mississippi. 

The formati<»n of Itasca hike is a snuill ImmIv of water at and 

« 

around Schoolcraft Island, and thnn* long, narrow arms projecting 

- one to the southeast, one to the southwest and one to the north 

- from the la.st of which the .Mi.ssissippi pas.s(>s out iunw the lake. 
From the southeast and southwest t»xtremities of the lake. pi(*tur- 
es(|ue vallevs exten<l. <hMiominated Mary valley and Nicollet val- 
lev. res|HH"tiNeIy. an<l up tlu»se valleys numerous lakc»s exist, each 
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at a higlier elevation as you pass up the respective valleys than 
the one l)elow, and each valley is drained by a running stream of 
perennial flowage, while at the side of the west arm Elk lake is 
situated, connected with Ttasca by Elk creek. 

Lines of measurements and of levels were run to and up through 
each of these localities. 

The distances are as follows: 

FKET. 

From the otitlet of Itasca to the extreme southeast point at the 

mouth of Mary creek 22,68J» 

Up the channel of Mary creek to Mary lake 3,058 

Total 26,2t)T 

From the outlet of Itasca to the extreme southwest point at the 

mouth of Nicollet's Infant Mississippi 17,926 

Thence up the channel to Nicollet's middle lake 8,5i;l 

Total .•..., 26,431) 

From the outlet of Itasca to the mouth of Boutwell creek 13,627 

Length of Boutwell creek 8,700 



Total : . , 22,327 

From the outlet of Itasca to the mouth of Elk creek 16,727 

Up the channel of Elk creek to Elk lake 1,100 

Total 17,827 

Tlu^e are the only streams entering Itasca lake worth}' of any 
considenition. The volume of water, width, depth and flowage of 
these several streams were carefullv ascertained, and the largest 
and most important cjne, at all times the>' have been examined by 
me, in 18S8. 1889 and 1891. is Nicollet's -'infant Mississippi 
river, 'which has been found to be the largest in volume of water 
and the larger and more important in every particular, with sev- 
eral perennial branches augmenting its jn'ominence al)ove the south- 
west limit of Itasca lake where it discharges its waters into the 
lowest in point of elevation of the several lakes there situated. 

Selecting Mary valley and Nicollet valley as the two most remote 
water sheds within the Mississippi basin, the ordinary rules of 
hydrography were applied, and it was found that Mary valley con- 
tained the lesser ultimate reservoir and Nicollet vallev the greater 
ultimate reservoir of the Mississippi system, each separate and 
distinct, drained by natural surface flowage. Th(»n came the ap- 
plication of nature's common rule as to whence came the waters 
supplying the streams draining these two ultimate water systems 
at the source of the >Iississippi. 



It having Ihhmi found that NicH)Het vaUev eontaincMl tlie more 
important I'cson'oir, supplying to Itasca hike tho hirger and the 
h)nger vohinu* of surface flowagc. I hcg your infhdgenct* in a 
minute description of this most remote and ultimate system in the 
grwit Mississippi basin, situated within the state park. 

The perennial stream flowing down the inner flanks of tlie Hau- 
teur de Terre to Itasca through Nicollet valley was discovered by 
Jean X. Nicollet in 183IJ. At the |Mnnt where its waters flow 
into Itasca lake it was forty feet in width and two feel in depth at 
the <late of my survey. Narrowing a« you ascend the stream, it 
iKH'omes three feet in depth a short distance from Itasca lake, with 
an increased current. 

Passing up this interesting stream the explortTis impressinl with 
its im|H)rtance by its sharply defiiuHl banks, with its wimling, me- 
andering channel*, deeply cut down into the stratum to a sandy, 
gravelly IhmI, with (»very ap|H'arance and characteristic of the Mis- 
sissippi Im'Iow Itasca lake. It has sandbars, sharp angles in its 
channel. diH'p and shallowing currents, an<1 all the niort^ striking 
features of a larger river. Large trees found near its banks incline 
toward tin* stream: a variety of fish, large and small, were found in 
its waters; the mink, otter and muskrat alM>und(Hl, and wild ducks 
of manv Northern varieties were from time to time noti(*e<1 in its 
channel. Tn»e8 hav(» Ikhmi fellcMl in sevend places acn>ss its Iwrnks 
to )M'rmit of passage on fcM>t. I'|K)n the removal of these treen. 
cantK^ might 1k' propelled nearly two miles up this principal chan- 
nel from Itasca lake. 

These an* a |)ortion of the characteristics of the stream, indicat- 
ing its permanency and imi)ortance. and. what is true of no other 
stn»am within the state park, it has thnH» affluent branches flowing 
in from the bights of land to the wt»stwanl, which augment it** 
ini|>oitan(*e and jH^rmaiuMicv alM)ve any other stivam found then*. 

These an' l>emaniy creek, over cme mile in length. Ilowanl 
crcH'k. nearly one mile in length, and Spring Uidge cre<»k, each fed 
by numen)us springs, sharply indicating artesian pn»ssun» fn>m 
the lakes higher up the flank of the Itasca mondne. At Nicollet's 
middle lake is found the northern limit of the greater ultimate* 
reservoir, with the Mississippi river flowing out fnmi it toward 
Itasi'a lake. 

My lines of level ami measunMuents were continuinl fn>ni this 
point up through the trough of the n»servoir to Nicollet's np|M»r 
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lake, of <U)uhtfiil oxisliMice, to tho Minsissippi Sprinjrs, Floatinjj: 
Moss lake, Whipple lake, the Triplet lakes. Morrison lake aii<l 
Hernando De Soto lake, the la.st nanie<! beinjx the most t^levated 
and distant water fi-oiu the jrnlf of Mexico within the Mississippi 
basin, exclnsive of wutei>i emanating from the snmmit of the 
KcK'kv monntains at the sonree of the Missonri. 

Elevations alM)ve the sea at the jjreater nltimate reservoir are 
as follows: 

FtH»t. 

Nieollet*8 lower lake 1,47JJ 

Ni<ollet'B middle lake 1,474 

Nicollet'a upper lake 1,5(M> 

Mississippi springs 1,548 

Floatinir 3lo88 lake 1,561 

Whipple lake 1,564 

The Triplet lakes 1,5(W 

Morrison lake l,.")?! 

Hernando De Soto lake 1,571 

Summits of Hauteur de Terre 1,670 

Tin* summits of the Hauteur de Terre (hight of land), irame- 
<liatelv west of Hernando He Soto lake, divide the nltimatv waters 

ft 

of the Mississippi fi*om those of the Red river of the North. 

The first surface flowage in the greater ultimate ri»8ervoir is a 
tiny hr<K)k eonneeting Whipple lake with Floating Moss lake. 
1>own the incline from I'Moating Moss lake the Mississippi springs 
send forth a surface channel to Nicollet's upper lake, while thrive 
hundred f<H»t west and twenty feet lower the channel again api)ears 
in a c»ontinuous surfa<*e tlowagc to Itasca lake, which is !>,2(M> 
fiM^t to tlie nortli. It might \w well to mention the fact that the 
hea<l of Howanl creek, a small and picturewjue little stream with 
s«»vend miniature waterfalls, in conne<»tion with the infant Mis- 
sissippi, constitutes the hmgest surface channel shown as follows: 

Gulf of Mexico to Itasca lake 2.54^5.52 

Thence to the mouth of Nicollet's infant Mississippi. . 17,1>2«» 
Thence to liejid of Howard creek 11,126 

•M.i,a")2 5.50 

From Gulf to iiead of Howard creek 2 552.02 

Other channel distances are: 

From the gulf to tlie head of Mary creek 2,551.50 

From the gulf to the head of Boiitwell creek 2,550 74 

From tlie gulf to the Elk lake 2,549.90 

Fn»m the gulf to the extreme limit of the greater ultimate 

reservoir it is 2,555.25 

From the gulf to the extreme limit of the lesser ultimate ros«*r- 

voir it is 2,55:i.47 



The ^reat river having now Ikhui actually meiwured in its entire 
channel length In' connecting surveys, the distimces given, for 
the tii*st time, are certainly more accurate than mere guess-work. 

Since the greater ultimate reservoir is the extreme limit of the 
Mississippi basin, and the hirgest, h)ngest and most im|>ortnnt 
stream above Ttiisca lake takes its rise therein as a perennial sur- 
face drainage, 1 have reported the same to the Historical Society 
a,s the ultimate source of the Mississippi. 

ELK LAKE AM) ITS DISCOVERY. 

In 18i]() scientist and astronomer Nicollet laid down Klk lake 
as an estuarv of Itasca, but since that time the alluvial stratum 
at the outlet of Itasca has been diminished bv the (*onstant flow 
of the water current until the latter lake has receded from the 
former to a lower level, and the two lakes are now connected bv a 
short creek. The original discovery of this creek and of Klk 
lake must be awarded to Julius Chamln^rs, who, on the ninth of 
June, 1872, while encamped on Schoolcraft island, explorinl the 
shores of Itasca, pjussed up the channel of Klk creek in his chuck' 
to Klk lake, crossed to the southern shore of the lake. and. mak- 
ing a map of the lake, wrote: 

*'Here, then, is the source of the longest river in tlu» w<irid in 
a sundl lake, scaively a (piartiM* of a mile in diameter, in the 
midst of a floating l)og, the fountains which give birth to the 
Mississippi." He found the lake much larger than he at first s!ip- 
posed. The world was notified b\' Mr. ChamlK»i*sof his discovery 
in the columns of the New York Jhrnld, page 8, July IJ, 1872. 

Mr. ( Miami K'rs then passed down the Mississippi, from Sch<K»I- 
cnift island to the gulf of Mexico, in his cancH'. 

The n(»xt explorer to declare Klk lake the source was A. H. 
Siegfrie<l, who. on the thirteenth day of July, 187i>. reacluMl the 
lake, and, taking a photograph of the same, tleclared it to be the 
^'highest tributary to the Mississippi." in the <*olumns of the 
Louisville Conrur Jtmnial. August. 187!>. 

The lake and creek were also visited in 187.') bv Kdwin S. Hall, 
in 1880 bv (). K. Harrison, and in 1881 bv Hev. J. A. Oilfillan. 

ft • 

WhaU'ver significance may attach to Klk lake as the soun*e, Mr. 
(^hamU'iN must be awanled the honor of a fii-st and original dis- 
covery, to the exclusion of all othei*s. except Indians, known in 
our history, and the name -Klk." olHcially promulgatcMl by the 
authorities of the I'nited States, is the propter and legitimate 
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name for this body of water, ac(iuiesced in l}y legislative enact- 
ment, and Elk cret»k takes its name from the lake. Xo one of 
the several l)rooks flowing into Elk lake are of any great import- 
ance, and all of them were completely closed with ice in March, 
1880, and all of them were dry in Angnst of the same year. 

Geographic discoveries at and al>ove Itasca lake prior to my 
survey in 1889, of authentic record, worthy of consideration and 
belief, are as follows: 

William Morrison, first of white men 1803 

H. li. Schoolcraft* Itasca lake 1832 

Jean X. Nicollet, Five inlets 1830 

Julius Chambers, *Elk lake and creek 1872 

E. 8. Hall, government survey 187.*) 

Hopewell Clark, special survey 1886 

Itasca lake is at the lowest depression of the basin and ITern- 
ando de Soto, Morrison and numerous other lakes are at the sum- 
mit of the basin, and the water pn^ssure from the lakes alx)ve 
lUisca, the whole b?ing exclusivel}* supplied by precipitation, 
causes a contributarv inflow into Itjisca lake, which is increased 
or decreased from time to time, accprdingto the([uantity of rain- 
fall or duration of drought, as either may prevail. 

One peculiar significance is demonstrated by the fact that Itiisca 
lake has a fl(KKl plain of but little more than three feet in eleva- 
tion alK>ve the natural surface of the lake. The fi(M)d plains of 
the lakes higher up are ten, fifteen and twenty feet. Thus, while 
Itasca lake is always supplied and sometimes rises during dry 
weather, the lakes at the summit dry down raj^idly to a lesser 
surface area, depending upon rainfall to resupply them. During 
the summer of 1800, copious rainfall caused lake Itji.sca to rise a 
foot or more al)ove Elk lake, and Elk cre<»k flowed into, instead 
of out from. Elk lake. The outflow of lake Pepin. tliro!igh 
which the Mississippi takes its course, is controlled by the inflow, 
and lake Ita.sca presents a striking similarity. 

Inflnitesimal deductions are necessarily drawn, however, from 
ascertained facts in order to discover the location of the ultimate 
source. Itasca lake lies at the pit of the basin and receives the 
waters discharged into it from summits surrounding it, which in 
return pass out into the channel below, forming the main water* 
c*ourse of our country, to the gulf. Consinpient inferences may 

(*Elk lake and cn^k, discovered by Mr. Chambers in I8T2, aro consUtated of \vaU>r8 
erroneously claimed to have been di»'C*)verod in 1^81 by the por^on n»ferre<l to in y»nir 
communication.) 
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then»f<)ri» lx» dnnvii 1)V tliose who still >>elievo that Itasca hike is 
tho source of the river, it l>eing situated at the pit of the lowest 
depressiou of tlie limited Itasca basin, but I know it to Ih» a fact 
that there is a jrreater ultimate reservoir there at the summit, and 
it constitutes the ultimate source. 

To prevent uiuuithorized. erroneous and deceptive chanjj^es in 
0!ir state map, I sugjrest that a reMumr of the historical and jj:ih>- 
graphical facts which led up to the final determination to locate 
the State l*ark at the .source of our great river l>e included in my 
forthcomin<r re|)ort. and then, by lejjislative enactment, prohibit, 
within our own state, the illicit changes in the state map so assid- 
uously pei*sisted in from mercenary motiv(»s. 

The law riHpnrc^s me to re|x>rt a detaiUnl chart of the park, and 
to|K>jri*aphic field notes for that pur|X)sc» will be complete<i in d!ie 
time. The map accompanying this pajK^r is re<biced from that 
prepared for the Minnt»sota Historical Society. 

Very resjM»ctfully your obi*dient servant. 

J. V. Browkr. 
Ai)*i>ExnrM. 

The Itasca State Park contains thirty-five scpiare miles, includes the 
territor}' t^hown in the accompanying map, is singularly picturesque in 
nature *s abundant scener}', high hills and sum nuts, pine and balsam 
forests and deep lakes prevailing. 

The nomenclature, as far as completed, as directed by an order of the 
Minnesota State Historical So<*iety upon a report of its committee, is as 
follows : 

Omoskos (Klk) Sogiagon (Lake), Ojihway. 

JjAv La Biche, The French translation. 

Elk Lake, - The English translation. 

Itasca Lake, - From Ver-i7<f/i-r/f-put. Schoolcraft. 

Schoolcraft Island. Named hy Lieutenant Allen. 

Infant Mississippi, - Named by Jean N. Nicollet. 

Nicollet's Lower Lake, 

Nicollet's rpiM»r Lake. . ^ ^r. ,. 

x'j II *« Af 1 1I T-i * After Nicollet. 

Nicollet s Middle Lake, 

Nicollet's Valley, 

IJear Point. Naine<l hy Peter TumhuU. 

Turnbull Point. So called hy residents. 

.Floating liog Bay, .1. V. Hrower's party, 188H. 

Ozawindib Point, After Schoolcraft's guide. 

<iarrison Point, After (>. E. Garrison. 

Hho<le*s Hill, After I). ('. Rhodes, photograi»her. 

Morrison Hill, Alter William Morrison. 

Island Creek, opposite S<'hoolcraft Island. 
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Marv Creek, 
Mary Lake, 
Mary Valley, \ * 
Elk Creek, 
Bout well Creek, 
Crescent Springs, 
Elk Springs, - 
Elk Pool, 
Clarke Creek, 
Siegfrieil Creek, - 
Deniaray Creek, 
Howard Creek, 
Mississippi Springs, - 
The Twin Lakes, 
Danger Lake, 
Ako Lake, 

Josephine I^ake, 
Sibilant Lake, 
(larke Lake, - 
Little Elk Lake, - 
Hall Uke, 
Groseillier*s Lake, / 
Ratlisson Lake, ^ 
Floating Moss Lake, 
Wliipple Lak<», - 

The Triplet Lakes. - 

Morrison Lake, 

I^ke Hernando de Soto. 



After Marv Tiirnlmll. now deoeaseil. 
She gave birth to the first-born ^)f 
wiiite parents at Itasca Lake. 
Named by Committee. 
After Uev. W. T. Boutwell. 
Crescent shaped. 
Named bv Committe*'. 
Named l)y Committee. 
After Hopewell ('larke. 
After A. H. Siegfried. 
After Morrison's daughter. 
After Schoolcraft's dausi^hter. 
The Committee. 
The ('ommittee. 
The Committee. 
After Accault. A companion'of^IIon 

uepin. 
J. V. Brower's party, 18S8. 
Form of the letter S. 
After Hopewell Clarke, by A.J. Hill. 
The Committee. 
After Edwin S. Hall. 
After first of white men to discover 

the upper Mississippi. 
The Committee. 
By Itev. J. A. Oilfillan after Bishop 

Whipple. 
The Committee. 
After William Morrison. 
In honor of the discoverer of the 

Mississippi. 
Named by the Committee. 
Named by A. J. Hill. 
After Lieutenant Allen. 
After Hennepin's companion. 

Named by J. V. Brower, Commissioner. 



Brower Island, 

Mikenna Lake, 

Allen Lake, 

The Picard Lake, 

The lesser Ultimate Reservoir, / 

The <treater I'ltimate Reservoir, ^ 

Itasca lake was known as "Elk lake" i)rior to ls;Ji. Surveyor <ien«'nil 
J. H. Baker, for the United States government, continue<i tlie name 
*'Elk'' to another lake in 1870. 

The committee of the Historical Soi'iety was constituted as follows: 
Captain R. Blakeley, Hon. 1. V. D. Heard and Hon. Charles I). Elfelt. 

I'lwn submitting tlieir report of names sele<'ted. the report was adopted. 

The rule adopte<l by which to ascertain tlie source of the Mississippi 
proved most satisfactory an<l brought to the knowledge of tlie world the 
<Treater Ultimate Reservoir, heretofore unknown to exist as sudi, 
although a portion of the lakes there situated have i»een known for many 
years, notably, Nicolh't's lakes siiic<» 18:W), and other lakes since 1875. 
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TLe ilUciivery of Elk lake aD<l creek was aerumiillBlieil In the fullow- 
ine tnanucr: 

Jeao N. Nicollet, io IKW, found what is now KIk lake, to be a |>«rt of 
Itasca lake, as shown by his map now of record at the city of Wa-thing- 
ton, from which Is taken the following; 
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AT TIIK riTlf OK WAHIIINiiTOK. 

After tlieloweriaj: of the rivi>r bed at the north end of lake Itasca 
siuce I8!t0, KIk lake was left as waters gathered nt one side, on« foot 
higher than liikf Itas<'H. and aftf r the process nt nature had sepanteil 
tliR two lioilles of water uad formed a short creek, of do great Iniportaace, 
between the two, Mr. Julius C'hamlicra wan the flrHt to discover Elk lake 
and creek, arid be <iecl«red It to lie "The Source" of the MlHStssippi, July 
!), IHT5, and to him must N- awarded whatever honor Is due tlierefor. 

Ills map, flrsl publlsheil by Iviiion, lllnkeman, Taylor & Co.. Is here- 
with re]ir<Hiuced, p. .'Ift'i. 

Thit report niade to the Minnesota llisturicnl Soidety by its comnils- 
siuner wa^ n'ferred liack for the purpose of havinjr the saoie properly ed- 
ited fur publication, and the i>amelsnot yet published. When published, 
as II ti:eogniphl<;a1 and historical record, it will contain about forty-three 
chapterx, the last three of which are yet to Ih- supplied, descriptive of 
the formatiiio of ihc ^4tate I'ark, nud tiocaulcal and other otmervations. 

Tlie fact that forniiTly one large lake, with bays snd islands and 
Iwaches, exih-led where now Ig found the s<-veral lakes Ht the Itasca buin, 
is lieyon<I the Inference <if a mere conjecture, an<l to future explorers 
and geologists niUHt be left tlie privilege and opportunity to locate its 
lioundnrles and determine Its former iin|iortBDce: and until some further 
or mori' definite actinn, it has been designated lake Upbam by Pr«f. 
<Jeo. H. Alton and J, V. Itrower. 
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< iiamiibk's di8(x>tkuv. 

Fint Xi<^ii|l*ft'H InTant MiBsiusippi river, also called liy hliii the 
"Cradled Ileroiiles." Date of dlsoovery, 188(1. 

Sediiul Mary creek. 

Thint -Y.Vs. creek. Discovered lij'. Julius Chainlierg in 1B72, when he 
ileoUn-<l it to be the MiKsissippi river. 

F""fih \\f\i\\\<-\ creelt. 

/-■/fW-I-liiii,! creek. 

sltil, I r.-i4 at Floaling Bog liav. 

fyf'fhtk —Small I'rcek at extreme southwest poiiii of Itasca lake. 
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Careful observers will note the importance of tlie greater ultimate 
reservoir, containing twenty or more lakes, at an elevation above lake 
Itasca. These lakes impregnate the earth with water and numerous 
flowing streams abound as a natural result, Itasca lake and Elk lake 
each drawing its supply from above with the following difference in 
peculiarity: Itasca lake receives all the waters flowing down from the 
summits, while Elk lake receives and discharges less than one-half. 
The creeks entering Elk lake are completely frozen in winter and have 
been found to be dry in summer. 



EVIDENCES OF A GLACIAL EPOCH IN NIC- 
ARAGUA*. 

\\\ J. Ckam'Poku. Mniiagiia, NicHrii<;iiii. 

None of the luountaiii ranges in Nicaragua rise to the altitude 
of the frost -line, and only four have peaks whose highest ajM^xes 
are r).r>(K) (one 0.700) feet al)ove the Pacific. The average alti- 
tude of the (Vrn)s in this country is alK>ut 2.SO0 fcH»t, and would 
not awaken a suspicion that any of these mountains luul ever 
Ihhmi (U*i»ply coveixnl with ice. At the pre.sent time the night 
temperatun» on the summits of the (Vrro Pena Hlanca <luring the 
season when the trade winds are moving eastward, is frwiuently 
JUS low as 12° Cent., and (K'casionallv S° (Vnt. 

The western or lake rt»gion of Xicanigua, the only part alM)ut 
the gi»ology of which anything reliable has, until recently. Ikmmi 
known, appears to have Ikhmi formed of materials ejeettnl from 
volean<K»s which were active during all of the Quaternary, an^l at 
least parts of the Tertiary and of the Recent e|K»cht. 

But we find f*iinis xy/ivx^*/^ and some other c<dd climate* eoni- 
fei's. dwarfish or attaining minlium size, on some of the highestt 
mountains of northern Nicaragua, and n»taining. with mmiv m«Nl- 
ificati<ms. the tlistinctive featun»s of their mon» northern tyjK»s. 
In at least «uie valley of those C\»rros is a large deposit of the 
lH»trifiiHl iMuies of Tertiary, and pr«))m)»ly earlier jH'ri^Ml mammals 
an<l reptiK*s. as ElephuH, frsuhi, Mtirluilmthnt. etc.. and across 
that valley*, at the foot of a canon, an* small hills, having long 

•Thopuhlicatlon of U»l»» articlo. r»Hf|\f«l in M.iri'h la^t, ha* Unmi iinavoitUbly (WUit(h1. 

tl have not found "Miocene santls/' "Miocene gastropoels," nor other 
evidences of the Miocene in westmi Nicaragua, such as have been 
descrilRHl bv others as oi-currlng tliere. See Proceedings of the Victoria 
Institute, lS76. 

JThe valley of Sebaco, lat. 12 40 N., loiiir. >m 5s W. The petrified 
l>ones are 50 to 100 feet beneath the surface, in sand and partly liardened 
sediment. 



connected ridjres (composed, so far as examined, of irrej^ularly 
mixed angular and ronndcHl rocks of various sizes, toj|^»ther with 
smooth and i*ough-edg(»<l ^K»bbles, chiys and sands. 

As we look from the valley of silicifitnl lM)nes. across tiie un- 
jiSHorted deiK)sits, up the canon, and along the sides of the 
mountains to the dwarfed pine trees growing between the rocks 
on the crest of the Cerros, we are led to impiire how and when 
these habitants of a colder climate were inti^oductnl to this half 
temperate, half tropical latitude, and when and how this canon 
was excavated and the unassort(»d deposits were forminl only a few 
milc8 beyond its lower end. The facts seem to indicate a greatly 
inorea.sed elevation and a much colder climate at some former 
e|K)eh. 

In ISSII and 'l»0, during reconnaissance conducttnl for the 
government of Nicaragua, the writer discovered evidences which, 
taken in connection with others pn»viously discovered, strongly 
indicate a (ilacial epoch in this countrv, svnchronous with that of 
the Unitcnl States and Canada. 

Some of these evidences an* here presented. 

On the top of the monogenetic series of mountains known in 
various parts of its extent as (\»rro Yalli, (Vrn) Jenotega. and 
Cem) Pen a Hlanca. following an irregularly sinuous line from 
about lat. i:5° 25' N. and long. S7° W. to alnmt i:5^ MV N. and 
84° 55' W.*. are several mesas, the. largest. Init not the highest, 
of which, is near the ejistern termination of the series, and is 
named Mesa Turcos. The top of this mesa has an area of alH>ut 
twenty s<iuan» miles of metamorphic mcks. granite or gneiss pre- 
<1ominating. across which, and diverging nearly at right anglt»s. 
are three shallow vallevs. each alK>ut one mile wide. Thev lK»gin 
near the centre of the mesa and gnichially wi^len and dc*epen till 
they reach its nearly perpendicular sides. One. which extends 
southeastwanl. is the hydnjgraphic area for the larger numlier of 



♦All these l>earings are magnetic. This mountain systi^m is south of 
that 8upi)osed to be referred to In Prestwich's (Teolog}% eiUtion of 1886, 
vol. I. p. 25)4, and designated **Xo. 25, System of Segovia. Cose<iuina 
and Cape Gracia-a-Dios." Cosequina is a volcano on a point of land 
which it has formed that projects into the Pacific ocean at the bay of 
Fonseca, and could never liave formed part of the mountain system 
evidently referred to in tht* excellent work (pioted. That system e.\- 
tends from lat. i:{ 22 X., and long. '87 5 W. uorthrintinird toward the 
Gulf of Mexico and terminatps about lat. 14 50 N. and long. >^ "»2 , 
magnetic. 
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tlu» heiul-water creeks of the Rio La SeiljeUi. whose wuten*, 
emptying into the Rio Tm>ina, and thence info the Rio Mutugaipa, 
enter the CariblK»an sea. Near the centre of this valley a canon 
l»egins abniptly and deepens as we follow it for alK)ut thri*e miles 
to the edge of the mesa, where it attains a depth of alnnit 225 
fiM»t. The canon is abont 400 feet wide at top and sixty to sev- 
enty-five fiH»t across its floor. The watei*s of a small crtH»k. nameil 
Chomeha* which rises at the head of the valley, nish down 
over a few small cascades an<l falls, near the almost precipitous 
head of the canon, to two vertical falls of considerable hight. 
At the fii-st of these, the water drops about forty feet into a basin 
perhaps ten feet in depth and a hundred and fifty in breadth, 
formed in a flat granitic or gneissic lo(ige, and from this )>a8in, 
through a channel about fifty feet long, a foot wide, and three 
inches deep, to the edge of the ledge, where it makes the secon<l 
fall, or one of al)out UU) feet, into a basin in the metamorphic 
floor of the canon. Flowing thence southeast ward ly, the stream 
<lescends nipidly. often over falls and cascades, through the nar- 
row rcK'k-walled canon, for alH)ut two miles, to a valley alongHide 
of the l{io Seibeta. Along the sides of this canon are many 
strange and beautiful forms of smooth-factnl ro<*ks, some pro- 
jecting their oval surfaces f<ir a few feet at right angles to the 
face of the canon and extending for several 3'anis parallel with 
its dirt»ction, others carved out into long intaglios. Above the 
falls and during the dry season, tin* stream does not exceed two 
inches in depth by fifteen fe<»t in width, and its hydrographic 
basin <loes not embnice over five s(iuare miles. In that |)art of 
the valley are found many mouUtntu'd mtisses of granitt* and 
striated and i)olished masses and large flat loose rocks striated 
from one and a half to two inches deep in lines parallel with the 
flow of the creek. 

Near the termination of the canon in the lower or river valley, 
an<l extending across the valley to the Rio SeilH»ta, arc several 
mounds and hills comjK)sed. so far as examiuinl, of unstratifieti 
d(»posits of clays and sands containing rough and smooth- tnlgeti, 
large and small rocks and pebbles, indiscriminately mingled. 



'*'('homeha, as I learned from some old Indians of the Turcos and 
Amerriquf tribes, is the name of a ^od<les8 of the aljorigines, now 
i^ometinies invoketl hy the ver>' small remnant of these once large Indian 
tril>es. 
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Fn)m each hill there projects, in the direction of the Kio Seil)eta, 
a ridge, apparently conij)osed of the same materials as the hills*. 

Another valley extends eastwanlly from near the centre of 
^lesa Turcos, and is the head of the hydrogniphic area, whose 
waters flow through the Rio Tnngla ('^Princapnlka/' on the gen- 
<>rally consulted but very incorrect maps, bailee's. (»tc., of this 
countrv) into the Caribbean sea. 

This valley also has a cafum cut out in it, the stream com- 
mencing in small cascade's that continue in series for al)out two 
miles. Some of these series liave a fall of from three to twenty 
feet. This canon is cut down through rock for nearly two hun- 
dred and fifty feet Ik? fore entering an elevated plain of oval- 
Ijacked rocky ridges formed on the eastern lx)un<h\r}' of the mesa. 
J>mooth oval-surface<l areas and deeply striated masses of rock 
are frequently visible in and near the bed of the small stream 
which flows through this valley and canon. Only a few scattered 
hills and ridges, but partiallj* examined, were compose<l of un- 
assorted deposits of lx>ulders, rock- fragments, sand and clay, 
but these, in some parts of the ridges, were cemented together. 

The thinl shallow vallev on Mesa Turcos is the head of the 
watershed of sevend creeks which flow northwanl and then north- 
i^astwanl through Rios Bokay and Segovia (*'Wanx" or ''Coco") 
into the Cariblx*an sea at (^ajx' Gracias a Dios. At about a mile 
from its head, it divides into two canons, in which, at short in- 
ter\'als, cx'cur series of cascades. These canons, like those pre- 
viously mentioned, continue to increase in depth an<l width, hav- 
ing, wiiere they leave the granite or gneiss and enter the highly 
incline<l later strata, a depth of ab<mt 125 feet, and thence deep- 
ening until sevend hundriMl fet»t deep before reaching the lower 
foot-hills. The width of each canon, while in the granite, is at 
top alM>ut 2<K» feet, and across the bed about forty feet, increas- 
ing l(K*ally tc» seventy or eighty. In the later formations, they 
widen rapidly, maintaining nearly i>eqK»ndicular walls, and their 
channels resolve into labyrinths of passage-ways l)etwi»en numer- 
ous columns and sm(K)th-eilgeil l)oulders some fifteen feet high, so 
intricate that, during an examination made, accompanietl b}' two 
Indians, in one of these labyrinths, sevenil passage-ways were 
unsuccessfully attempttnl and much time was lost in trying to get 

♦Doubtlens these would he designated "moraines'' in 3Iinnesota, New 
York, or Canada. 
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out of tht» phice. Both c'an«)iis. in their northeasterly extennion. 
obliquely bisect two "lodes," respectively eight and twenty-one 
feet wide, of westwardly strike, dipping at an angle of alK>ut 
35° (megnetic) north, and containing gold, sulphides, and ars4*- 
nates in a gangue of fragments of (puirtz. talco-slates, chlorite 
slates, iron-clay slates, etc. ; the walls are diorite ami diabasiv 
AlMUit one hundred miles to the northeastward is a deposit of 
colored marbles. intei>»ected by the Kio Segovia, and alM>ut the 
same distance eastward and fifteen miles north of the Imlian vil- 
lage of Wylo-was (on the l{io Tungla). is the southeastern end of 
the rich gold placers of Princapulka. terminated by a smalt 
cerro of (^irlniniferous limestone*. 

On the Pacific ocean side of the <lividiiig iiinge of Conlillerus 
in Nicaragua, the mountains terminate in a large mesa. name<l 
Totumbla, whose summit area embraces alnnit nine sipuire uiilc^: 
and across this, from north to south, is a shallow valley about 
two miK»s wide on which are ex|)osiMl at several places large masses 
of rock having smooth rounded surfaces, and measuring fifty to 
two hundred feet long. Some of these mass4's are |X3lishe<i. 
Near the (nlge of this valley aiv numerous fiat. striate<l lM)ulders 
and loose striattni nK»ks of local origin. The most numen>us 
stria? are parallel with the general direction of the valley. The 
locality of this mesa is aUuit lat. 12° 42' N. and long. S5° 55' 
W. Its altitude alM>ve the Pacific o<*ean is:j.2tiU f(H»t. It is com- 
l)Ose<l of gneiss and other nn'ks of the Kozoic serii*s — all meta- 
morplios(Hl. On the margin of the summit-plane of this mesa 
are many peaks fifty to two hundred fiH*t higher than that plane 
and (»onnc*<*te<l nearly ciyitinuously by high ridges. On the inner 



♦The j^enerally superrtcial examination of tliis Mesa Tiircog, the val- 
leys at its sides and on its top, and the deep canous, was not easily made. 
This localitv is fullv one hundnMl miles from anv human residence and 
in a dense, pathless, mountainous forest. In the valleys the vines and 
hushes were often so thick as t<» require cultinir, step hy step. Conse- 
quently we <-ould take but very f(»w tools, ropes, instruments, etc, witl 
us, and all our provisions wen* carried on the Imcks of Indians. Tli 
scenery (when lwi<-e only we fouml mountain ix'aks with forests f 
thin that we <-ould ;;et a long wi«le vista i is almost incouii)aral)ly beaut 
ful. In some places on the sides of the c^rros and in th<* lower NTille; 
groves of tall, large mahogany, sapote, iiisp«*ro, Spanish cedars, walnii' 
ami li(iuidand)ar trees, standing as living columns encircled with vin 
are covered with their own hriglit foliage, and witli vines, mosses, i 
epiphyllous Howers; while at other places orchids and ferns and tlov 
ing plant-s or hushes, in great variety are numerous and some of tl 
very large. 



or tublc-hind side of one of these peaks, on the northwest niur^fin <»f 
the niesti. there nearly preeipitonsly )H»ji:ins a eafion in the jijneiss 
1,100 feet (Uh»p and aln^ut 1,500 feet wide at top and fifty to one 
hiindrtMl across its nsuallv drv hed. Near the hea<l of this canon 
an<l abont v{20 feet below its rid^e-like npper margin, is an oval- 
nK)fe<l cavern three to six feet high, eight to fonrteen feet wide, 
und extending into the rocky side of the canon in a tHrection per- 
pt»ndicnlar to the cafions axis for over two hundred feet. This is 
a hiccolite. having one of its ends bn)ken or erodetl otf and this 
ojMMi end obscured by i(M)si» nK»ks. Access to it down fn)ni the 
top of the mesa or up fn»m the lM)ttom of the canon is very dittl- 
cult. This canon enters tlie vaHev on the mesa a)M)ut one mile 
inrnx its southern margin and then descends in fjdls, cascades, 
and rapids over the steeply inclined side of the mountain to the 
valley of the Rio Veijo. For alM>ut the first two miles of its 
length, there is no water, save in the bric»f rainy season. The 
.small stream in the vallev into which this canon enters fl4»ws 
thnmgh or <lown the Rio Veijo into lake Managua ami thence 
thnmgh lake Nicaragua and the Rio San Juan del Norte into the 
CariblH»an sea. thus forming in its n)Ute an arc of alK)Ut two- 
thinls of a circle and of .sevend hundred miles, instead of flow- 
ing wi^stward fn»m the mouth of the llio Veijo. thi*ough a flat 
country, into the Pacific ocean. At the lower end of this canon, 
as it enters the valley of the Rio Veijo. are numerous hills and 
knolls, many of them having long connc^cted ridges that extend 
far int-o the valley. Those examincHl. and pn)bably all of them, 
are comi>osi»d of irregularly mixed, unstratified rocks, clays. 
I>ebble8 and sands. cemente<l in some places by iron oxides and 
elsewhere but partly hanlened. Across this vallev, in a crescent 
formed by the Rio A'eijo. is the large <lei>osit of petrifie<l Inines 
of Cenozoic (and j>ossibly s<mie of them Mesozoic) mammals and 
n»ptiles previously referriMl to in this paper. 

HetwiH'U the town of Ocotal and the village of l)epilto. eight 
mik^ distant from 4'ach other, in the Uepartment of Nueve Seg- 
ovia, at alMuit hit. 1:5^ :{.■)' N. and long. S0° ami Wl' W,: are 
fimnd such apparent evidences of glaciei*??' work*, as striated 



♦The late Thomas Boh, F. R. S., in his ^'Naturalist in Nicaragua,' 
second edition, declares these to be moraines and considers them indis 
putable evidences of a (vlacial Epoch here. When I made the examina 
ti<»n of that locality 1 did not know that he had previously been thertr 
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boulders, deposits of sands, clays, i)el)bles, and rocks, geiieridly 
appearing to Ik*, unassorted; but in some parts they appear stniti- 
fied, not as de|)osits made by recent floods, having well defineil 
lines of separation, but as if made interruptedly and at the same 
time with the other large nuisses of (so far as examined) unas- 
sorted deposits. These moraines* are at the confluence of the 
three rivers, Segovia, Depilto and Maculeso whose aggregate 
hydrographic area is alx>ut eight thousand s([uare miles. >Iy 
notes, made after sevend examinations at intervals during a stay 
in that part of Nicaragua of aln^ut four months, state that jxwsi- 
bly a large [M>rtion, if not all, of these deposits are moraines. 

Several large knolls and small hills are found north of the vil- 
lage of San Rafael del Norte, in the department of Matagalpa, at 
the southwestern foot of the Cerro Yalli, alM)ut lat. 1!5° 20' N. 
an<l long; 80° W., each having extensions of from one hundnnl 
and fifty to six hundred yards long, declining into the Rio San 
Rafael del Norte, (u)m[)osed, so far as my examinations extende<l. 
of the unassorted, unstratified fragments of r<H*ks and iH»bbk»s. 
some rough, other's smootli-tnlged; all end)edded in sands and 
clays. Fn some places the clays, in others the sands are in exci*ss. 
These dei)osits wert» first discovered by the late Thomas Belt, F. 
R. S., and descrilnnl in the second eilition of his -Natundist in 
Nicaragua." publislunl within the past few years in Lon<l(m. He 
declan»s them to be monunes. which if discovered in (^inada 
would un([uestionably 1k» so considere<l. (\*rro Yalli, at this 
locality, is tall and h:us steep sides, but the hydn)graphic area is 
comparatively large, and although I found no narrow, deep x\\- 
vines in the side of the mountain near these de|K>sits of un- 

I believe it was his only trip (and one of only a few days) to this locality, 
<iistant for more than three or four leagues, from tlie mines near 
LaLibertad (that ho superintended for a few years). He was a quick 
and close olmerver, but was hurried on this trip and did not note, prob- 
ably, the large hydrographic area of the three rivers, Segovia, Maculeso 
and Depilto which unite, in this locality, tlieir rapid currents. 

'^'I had doubts alKUit these being moraines, until two months ago,wlien 
for the first time and Only for a few hours, I had opportunity to exam- 
ine the work of the late Thomas Belt, referred to in foregoing note. 
I believe Mr. l^lt was corre<*t in designating these deposits moraines. 
My doubts oc^curred because we are sometimes liable to mistake de- 
|)08itM made by water for those made by ice, unless after extensive e.\- 
«'avations, etc.; also, because the waterslied of these three rapid rivers 
is ((uite large, and in flood times tliey transport large boulders for long 
distances, and, because there are evidences that a part, if not all, of that 
vallev has been overflowed. 



8tratifie(l miiU*ri:ils, yet I could not persuade myself that the 
rocks, pebbles, ehiys. sands and piec'es of lignite composing tliese 
hills, knolls, and ravines had been transported to and depositiMl 
in this valley by water. I found, it is true, many loose lM)ulders 
at various places on the side of the mountain, too many, I 
thought, to remain in such places after a glacier had moved <»ver 
them; but. possibh* those l>oulders were de|>osited by some melt- 
ing ice-sheet. 

Other evidences in the Nicaragua of a (rlacial ei>och, subse([uent 
to the Pliocene, have been discovered and examined by me, but 
none found to be so distinct and impressive as thote herein de- 
scrilied. 

Ilydrographic charts, made l)y lK)th the IT. S. Coast and Gih)- 
detic Survey and the British Admiralty, of soundings of the 
Caribl^ean sea, from the coast of Xicamgua e^ist to the Atlantic 
ocean, show (besides the lied of one, oriK)ssibly two, old lakes or 
inland si»as whose pn»sent IkmIs are 1.000 to 1,000 fathoms beh»w 
the present surfac*^ of the sea) long, deep, wide holes in the IhmI 
of that sea, at intervals from the principal (n»ally the old 1*1 io- 
cene or ante-Pliocene rivers) mouth of each of the llios Kscon- 
dido (Bluefield), Matagalpa ((rrande), Tungla (Princapulka) an<l 
Segovia, which holes are traceable eastward to the western nuirgin 
of the Atlantic <K*ean, or to al)out 60** west longitude on the east 
side of the Antilles, indicating that the channels of these rivers once 
extendtnl out fifteen hundred miles further than at present. 
These sub-nnirine fiords are now nearly AIUmI up b}' debris of 
brachio|)ods, cephalopods, mollusks. etc.. and in the shallow parts 
by corals. The average depth of this sea is alK)ut 5,500 fei»t. 
but if we (*onsi<ler the two very <leep places as lakes existing in 
the early Tertiary period, then the average depth of the (?arib- 
lK?an s<»a is less than 5,000 f(H»t, or, less in depth than the altitude 
at present alM)ve its upper surface of sevenil c^rros in Nicaragua. 
The deep holes in apparent ccmtinuation of the former channels 
of some of the old rivers that emptied from Nicaragua into the 
CariblHMin sea indicate, in connexion with the facts related in the 
fon^going part of this pajwr. that ijrent rfrmfton onrr ocrurrrtf in 
that httituitr and loraUti/ sufficient to have raised, far aljove the 
surface of the water, almost all of the IkhI of the C^iriblnMin sea. 
and to have extended the mountains in the central part of Nica- 
ragua far up into zones of snow and ice. pnMlucing a Glacial 
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(»lM>ch. Then* aro atolls and barrier reefs in that sea, whieli. in 
all prohaliility. are eontinnations hy corals, npward, at the rate 
of sea-lnnl depr(»ssion, or suhsidenee of the tops of monntains 
that now are the snl»-marine, lait once were the sn))-ai*rial part>H 
of the Nieara^nensian continent. When elevation had com- 
pleted its work here, it is probable that sn))sidence deeply sul>- 
njer<rcd the present Tsthnuis of Panama. 

No river tlows from the deep, concave western side of Nicara- 
irna into tiie Pacific ocean of sntticient sizA* to l»e consicienni a 
factor in connection with this snbject. 

The forcfs^injj: facts indicate: 

(a) That, at least, two or three monntain nuiges in Xicarajrua 
were deeply covered by ic(» dnrin^ a Glacial e^xjcli (^ntem|)orane- 
ons with that which existed in the North American continent. 

()») That at that time there was. becanse of great elevati^m of 
land and sea-bed. a Nicaragnensian continent extending esistwanl, 
alM)nt fifteen hnndrinl miles fnrther than at present, over the 
northern and middle part of the area now occupied by that part 
of the Caribbean sea eastward from the Nicaragim coast, to the 
Atlantic ocean at almut the (iOth meridian west from (tret^nwich. 

(c) It is pnibable that the submergence of the Isthmus of Pan- 
anni was then sufticient to allow a large part of the south equato- 
rial curnMit (which now carries so much heat to northern latitudt^s) 
to pass into the Pacific ocean. 

(<l) (^osmic conditions, as irregularity in the amcmnt of heat 
from the sun, iM[uinoxial precessions, variati<ms in the exeentricity 
of the earth's orbit, and extreme variations of the magnetic 
north and south |M»les, nuiy have Ikhmi factors; but the two latter 
were c(»rtainly of very moderate effect in producing a (f lacial e|K)ch. 
<rreat elevation of land apjn^ars to have lK»en the potent canst* in 
Nicanigua. 

(e) Tlie movements of elevation an<l sul)sideiu*e ap]M'ar to have 

« 

Ikhmi more rapid in this country, than in latitude's nmny degnH*K 
further north, and more frecpient ami vig<»n)us in Uhicial and 
Uec(»nt times. 

(f) It is <piite probable that the extensive fracturing and fissur- 
ing during the early (i lacial or late Pliocene ep<H»h gave rise to sev- 
eral ad<litional v<»lcan<K*s along the western part of Nicaragua 
and achliMl varietv t<» the scenerv of mountains chwl in ici* in the 
central part. 
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ON CYCLES OF SEDIMENTATION. 

J. Lawton W'ilijamh. Hon)t*Ur<villi>, N. Y. 

The fact of cycles of He<limenUitioii is well known to strati- 
graphical geologists. The following tiihle. from Dr. Alexander 
Winchell, is a g<KKl illustration of what is meant by the term: 

Tablk of (^yclks of Skdimkxtation. 



SyHtiniifii 


CoorM» 

FraxinentHl. 


FliH' Fra};in<*iital. 


CalrareouH. 


CalranH)- 
Fratrmental. 


l*pp«'r 

<.'arboiilf«*roii»». 


Parma 

('oiijrloiiK^rate. 


Coal M«»aHur»»H. 
(BroktMi into 
Hinall ft)K>rli.) 


Larainii* 

Limi'Hton<>. 

• 


Pennian. 


Lower 

C9rlM)iiif»'r<)iiH. 


Wav«»rly SaiidHtoiK' 
vMarvhaU I*liai»e.> 


\Vav<'rly Saiidntoiio 
<Chont«*aii PliaM». \ 


Mountain 

Linx'htoiu'. 


Falno Coal 


I>**VOUiAII. 


Ori^'kaiiy 

SaiuNtoiit*. 


Srhohariftirlt. 

Niagara Shah* 

and Clinton. 


Corniferoun 
Linu>Htone. 


Hamilton 
andChomuni; 


SihiriHii. 


M(Hlina8aiidi(toii(> 
and Ont*ida 

CoiitfloniiTato. 


Niajrara 

Linii>>«ton('. 


Salina. 


C*iiiul)riaii. 


PotHlaiii. 


('alcif<'nMi«>aiid 

Clia/.y. 


TnMiton 

Linie?>ton<>. 


Cinrinnati. 

• 



Wliile these divisions may Ik* somewhat artificial and arbitrary, 
they siH»m to illustrate the general fact of a definite stHjuence in 
iMMlimentary <lei)osits. Similar relations have been ol>serviMl in 
the stnita of Grt»at Britain. Mr. Hull (Quart. Jour. Sci.. July, 
18i>J>, ) makes a triple nither than a (juadruple sulMlivision: 1st, a 
lower stage of sandstones, shales and other se^limentary <leiM)sit4^, 
represiMiting prevalence of land with <lownward movement: 2d. a 
middle stage, chiefly of limestones, n^presenting prevalence <»f 
sc»u with genenil (piiescence and elalMiration of calcerous organic 
formations: M. an upiK»r stage, once more of mechanical scmU- 
mentM indicative of proximity to land. 

The itlentity U^tween this and Winchell's table is appaivnt. In 
Uith we may lK»gin with a given stratigraphie^il structure, ainl. 
after pjtssing through a definite succi^sion of inter hum liat<^ struc- 
tures we again encounter one like the first. We are to be^ir in 
mind, however, that this succession is not a rigid one. Often- 
times we nu»(»t with interc4ilatiMl Ihhjs which have no representa- 
tives in the other inem)H'i*s of the series. Besides, then* art* wide 
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variations in tlio relative thicknesses of analogous l)e(ls, and in 
the aggrepite thicknesses of ditferent cycles. The facts with 
which we are impressed, however, arc not the minor (iiscrepancies 
and apparent anomalies, but the broad general fact of a definite* 
sequence. And the conviction l>ecomes irresistible that such a 
secpience, must be referred to a periodical recurrence of certiiin 
fundamental phenomena concerned in the evolution of ourj)lanet. 
These phenomena may be considered under two heads in relation 
to this subject : 1st. immediate causes: 2d. remote causes. Tlie 
immediate causes are evidently, (a) the elevation and sul)sidenci» 
of land areas, (b) meteoric conditions atfecting the rate of erosion 
of these areas (C) the mutual reactions of these separate forc»es. 
In the remote causes we must seek for an explanation of the 
period iciti/ of upheavals an<l sul)sidences. It is clear that with a 
given surface of the earth s crust, an elevation of a |K)rtion of 
land must either result in a depression of some other portion of 
land or of the sea lK>ttom. Let us sup)K)se an elevation of land 
to take place which results only in a depression of the sea )M)ttom. 
There will then V»e a smaller surface of the waters of the glolH» 
exposed to the evai)orative influence of the sun. Other things 
<M|ual.^ there will, conse(juently. be a diminution in the amount of 
precipitate<l moisture. This will necessitate a diminution in the 
amount of erosion and atmospheric disintegniticm of the emergent 
areas, provided the niinfall be iHpuible. But the amount of 
erosion depends not only upon the quantity, distribution and 
periodicity of rainfall, but also uiK)n the angle of slo]>e of the 
land subject to (»rosion. The effectiveness of erosion varies 
directly as some high power of the velocity of the eroding fluid, 
and the veh>city is a <lirect fuiu'tion of the sine of the angle of 
slope. So that the diminished precipitation due to a <liminution 
of the water surface might be more than count erbalanc»e<l by a 
<lispn»|H>rtionate increase in the angle of slope, in the final results 
of erosion. Let us assunu' that in a given instance this wiw 
actually the case. Then the great angle of slope would neci»8.Hi- 
tate a precipit<uis fall of torrents. SupiK)se the s1o|h» is such as 
to double the nu'an velocity <»f a given volume of water falling in 
a jriven interval of time. Then, whereas formerlv this same 
volume of water transported to the sea fragments whose dimen- 
sions may I k' reprenentiMl by P or I, now it will tnin8iK>rt frag- 
ments of 2" or <»4. since the trans|N)rting power of a fluid varit»s 
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:us the sixth i)owc»r of the velocity. (Hopkins i^. J. Oih)!. Soc. 
VIU p. 27.) These hist will have a size relative to the first as 
small col)l)le-stoiies to gravel. Now let us suppose the process of 
ei-osion continues. The coarse fragments will be i>olished and 
HMinded by their journey to the sea, and will be deposited in a 
soft matrix of nuul and finer pebbles as a conglomerate. The 
largest fmgments will be tleposited first, and. with the wearing 
away of the slope, and conseipient diminution 4)f the angle 
of slope, the size of the pebbles of successive deposits 
will l)e smaller and smaller. Finally, when the angle of sIojh? be- 
comt»s such that the velocity is one-half what it was at first, the 
size of the fragments will Iw 1 instead of ()4. Such fragments 
will liecome a sandstone or shale according to circumstances. At 
length the land will 1k» entirely eroded away. Meantime the sed- 
iments dejjosited along its shores will have accumulated to a vast 
depth. This accumulatcMl weight will necessitate a submergence 
to restore the iHiuilibrium of surface pressures (Babbageand Pn>f. 
Jus. Hall). The dei)osits will sink to a depth which will 1h» con- 
genial to the development of vast |x>pu hit ions of tH)rals. crinoids 
an<l other lime-secreting organisms. Here they may ctintinue to 
build through a long succession of generations, the incrt»ment of 
weight due to their accumulation producing just enough submer- 
gence to maintain a pi*oper level for their growth (Darwin). A 
vast deposit of crude limestone will 1k» the result. This is pre- 
cisely the succession found in the table at the l>eginning of this 
article. (%)nglomerate, sandst(»ne and limestone are re)>eate<l 
^)ver and over again. Tn tin* pri>cetling <liscussion we have 
:issume<l the simplest conditions imaginable: an eminence of land, 
a given elevation sul)jec*t to no oscillati(»ns of level during the 
long |>erio<l of time while it is worn down to the level of the sea, 
an e<pia1)le and uniform quantity of precipitation, and a suffi- 
cient weight in the accumulated sinliments to etfi»ct a subsidence 
when the destruction of the land was complete<l, and. finally, a 
sul>sidence deep enough and not t«M» deep to )k» favorable to the 
growth of lime-scHtreting organisms. 

It is a.stonishinir to see how faithfully these i<leal c(mdi- 
tions havt» Ikhmi repeatedly realize<l as recorded in the Pal- 
aeozoic nx'ks of North America. And it is |H»rfectly con- 
ceivable how a variation of these ideal conditions might le^id 
to the discrepancies ami anomalies already allude<l to. We 
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UHHumed ji uiiiformitv of moteorio conditions, but such a nniforiu- 
ity is inii>ossible from tlie very nature of the other eonditioiis 
assumed. For when the hi nd lias a great elevation the moistun* 
precipitated upon it will assume the form of snow and ice which 
will inaugunite various climatic changes. As the land is worn 
away there will be a greater surface of water exiwsed to eva|M>ra- 
tion, and this will react upon the (quantity of precipitation. Again 
the disappearance of land will allow oceanic currents to pursue 
new channels which will directly react upon climate and indirectly 
ui)on precipitation. Finally the land will in most cases 1h» subject 
to oscillations of level which will react u|)on climate in a complex 
and indirect way, and upon the rate of sedimentation in a dinn't 
wav. Anv one of these variations will interfere* with the uniform- 
ity of the cvcle. and when seveml of them aix» concerned simul- 
Uine<»usly it will l»e correspondingly (*omplex. So much for the 
imnuMliate causes. In the remote causes we must seek for an 
explanation of the jH-n'oifirifi/ of upheavals and subsidenci^s 
which have given rise to cycles of sedimentation. 

For our pivsent puiposes it will not be necessary to enter int4) a 
discussion of the causes which have determined the existing <*oii- 
tiguration of land areas. Without doubt. Prof. Darwin's appeal to 
astronomical influences suggests a general explanation of the hMiding 
facts. Also Dr. A. Winchell shows (World Life) h4)w the lunar 
tides during the earth's early incrustive stages would impress 
meridional lines of weakness. The subsidence* of the earths 
tHpiatorial pr<»tul>ei*ance due to the secnilar diminuticm of it** rota- 
tional velocity would coiispiw* to a like i*esiilt. When such lim»s 
of weakness are once established everv contraction of the cnist 
ihie to the radiation of internal heat will give rise to nigiwitii's 
along those lines, and thi*s(» rugosities once established will tend 
to gn)w with every incix»ase in the lateral pivssunv S<i much for 
the generalities. Hut then* art* certain special and very remark- 
able )>henonieiia which these hyiH)theses do not take into a(*count. 
Such an* the |H*riodicities of upheaval and sulwidence which have 
given rise to cycles of sedimentation. Mallet has argueei in 
another coniuHHion that the (contraction of the earth's crust dueto 
secular (HMiling would by tlu* crushing of the rocks give rim* t4»an 
en«>rmous (piantity of h(*at. an<l that this crushing wouhl take 
place after long intervjds of (piiet. during which intervals the 
tension necessary to prcnluce the (*rushiiig wouhl lie geiiemteil. 
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DouhtlcMss liere is 4>iu* explanation of the periodicity of diHturb- 
ancen in land areas. There are others. Dr. CroH has shown how 
the precession of the equinoxes combinwl with variations in the 
eccentricity of tlie eartli's orbit must give rise to a secuhir recur- 
rence of periods of refrigeration. AVhen winter in one hemisphere 
Oifcurs in aphelion and the tK^centricity is a maximum, the polar 
regions of that hemisphere* will be covered with a cap «»f ice, and a 
climate of arctic severity will prevail. Meanwhile the other hem- 
isphere. lK\vond the (Hjuator, will have a torrid climate. This 
stHte of affairs will continue until the precession of the tHjuinoxes 
shall rt^vei'si* the C(mditions. Then the other hemisphere will 
suffer refrigeration and a tropical climate will dispel the ice-cap 
fn)m the* first. Dr. Cn>ll shows how these changes would cause a 
shifting of the earth's centre of gravity toward the pole which 
sustaincHl the ice-cap. and thus the oceanic waters would rise on 
that hemisphere and deluge the land. Thus each hemisphere 
would undergo alternate phases of submergencH* coincident 
with the alternate pericnls 4>f refrigeration. This oceanic 
4wcillation, ])r. Cn)ll argues, accounts for the alternate Iwds of 
coal and shale so characteristic of the Coal Measures in all parts 
of the world. (Climate and Time.) Here then we have another 
clear cass of pt»riodicity. 1 would add in this connection that 
m«>vements of the internal fluid arising from changes in the cen- 
ter of gnivity. would, by virtue of the superior momentum of 
the central heavier masses inaugumte a motion which wouhl churn 
the lighter peripheral fluid into the mountain arches and crevices, 
in some cases simply producing elevation, in others, giving rise 
to igmN>us eruptions u|>on the crust. If the interior of the earth 
ha<l the rigidity of steel, a shifting of the centre of gravity would 
nevertheless l«>wer the peripheral pressure on the far hemisphere, 
perhaps thus pnxlucing licpief action. This might admit of lava 
outflows, and. in fact, evidences of such occurrences art» not 
wanting in polar regions. Moreover, such a shifting of the 
earth's centre of gravity, even if ever so slight, might propagate 
spherical waves passing outwanl and imparting terrific impulses t^) 
the crust. Such waves would bring into contact differt»nt chem- 
ical elements separattnl l>efore by their relative specific gnivities, 
and this would pn)mote intense calorific effects which would react 
upim the crust. It is i>ossible that the rise of sea level, due to 
the ice-cap. would depress the sea-lK>ttom and thus elevate the 



laiicl ))y tlie supenuldecl weight acting tangeiitially towaixl tlu* 
shores. In the op|)()8ite hemisphere a new (H[uili))rium ivouhl 
establish itself b}' the elevation of the sea-lx)ttom and depression 
of the land. This would, in some degree, neutralize the relative 
ditferenoes of land and water areas to which the shifting of tlie 
seas would give rise. It is to Ik* rememlx»red that the intense 
pressure at the poles during periods of maximum glaciation 
would preci])itate enistal convulsions when the c<mtnictile tension 
due to the radiation of internal heat should have bec<mie suffi- 
ciently great. These complex factoids would all come into play 
periodically with the periodic ri'currence of suitable astronomical 
conditions. 

There is vet another cause of i)eriodicitv which has oc- 
curred to me. In the deeper parts of the ocean, the hydro- 
stati<' pressure must 1h» enormously great. This ]>rt»ssun» must 
force water very deeply into the rocky interstices of tlu* ocean's 
fl<K)r. perhaps so deeply that its permeative i>ower by capillarity 
is vastly increased (Daubree KJeologie Kxperimentale, ' p. 274). 
This water coming in contact with the heated rocks of the dee|K»r 
crust woidd be va|X)rize<l and would also facilitate the evo- 
lution of explosives gases. These expansible products would press 
with tremendous force against their inclosures. and the crust 
would slowly yield to the irresistible pressure. This crustal 
movement would continue for a time until the original interstices 
should have* swcIKmI out into fissures sufficient! v wide t4» admit 
the expansive ])ro(hicts to (\scape as fast as they were forme<l. A 
|M'riod of (piiescence, so far as this force is concerned, wquld then 
ensue until the gaps were filled in with sediment when the process 
wouhl again )k» renewe<l. If the erosion of the land during the 
pericHi of quiet were just sufficient to fill up the gaps we w<mhl 
then hav<» the ideal Cimditions suggested at the iM'ginning of this 
article. It should Ix^ rememlK»iiHl that the expansive force hen' 
considered woidd have a jKiwerful tangential com]K)nent which 
would n»act landwanl in each direction tending to priMlutv 
continental upheavals. Such movenn^nts would cause a sub- 
mergence of the oceans IkhI. and this VkhI would Ih' still 
farther depresscnl by the superadded weight of the inrush- 
ing watei*s. Thus there wouhl be an indefinite n*cipn>eal 
action iK'tween the two initial tendencies, each elevation intensi- 
fying its correlated depri»ssion, and each <lepn»ssion augmenting 
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the iilivady existing elevation. This reeiproeity of etfeets would, 
however, Ik* antagonized by at least three eounter-tendeneies: 
Ist, the earth's tendency toward sphericity due to the combined 
action of gravity and its rotational movement. 2d, the nipi<l re- 
adjustment ))V erosion which wouhl ensue from such enormous 
differences of level. *>d, the disturl>ed cM|uilibrium of the inter- 
nal fluid which normally will assume concentric shells with <h'n- 
sities inversely pro|K)rtional to the distance from the centre. All 
these would opi)ose the distorting forces here conU»mplate<i ( an<l 
all othei"s prcnlucing like effects), and confine the surface move- 
ments within rigid limits. I [ere it shouhl Ik? l^orne in mind that 
when the upheaval and consecpient expenditure of nuH'hanical 
energy is giv^t, the energy lussuming the form of heat (due to 
erustal friction) is pn)iK)rtionately diminished, so that the result- 
ing evai>oration of <x*eanic watei*s, and, hence, the violence of 
watery precipitations is diminished, l»ut. so far as erosion is con- 
cerned this loss is ofTset by the increased angle of elevation of 
continents. I am convinciMi that the heat generatiMl by crusUd 
friction is an imiM)rtant factor in the pnK*esses of erosion: for, 
when develope<l in emergent land, it will incr(»ase the chemical 
effectiveness of atmospheric moisture coming in contact with it. 
and thus accelerate <lisintegnition. Where, on the other hand, 
it is develoix»d in the (X'ean's IxmI it will heat the cold |K)lar cur- 
rents there, part of it being thus convey<»<l to the etpuitorial 
regions there to augment evaporation, and part of it will p:i.ss 
dii"ectly by convection to the surface pnxlucing a like effect. In 
the Kvipnxal elevations and sul>sidences heretofon* alludiHl to 
the heat of friction (an<l conse<iuent evaporation resulting in 
erosion), would Ix <levelopiHl on a prodigious scah*. This would 
pn>mote the rapid hoveling mentioned alK)ve. 

Thus it appears that by an appeal to physical principles 
we can explain the fact of peri<Klicity in the cycles of .sedi- 
mentation as a result of several independent forces. While 
we cannot hope in any given instance to n*fer a partic- 
ular upheaval or sul)sidence to a sp(K»itic category of causes, 
yet we may rest assunnl that one or sevend of these causes 
have Ikhmi openitive either isolatinlly or conjointly in i)ix>duc- 
ing the varie<l effects. Doubtless minor local disturbances 
are refcTable in some cases to purely hn^al causes, although 
we should not trust too implicitly to such an interpretation. He 
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this as it may. there seems to Ik* gocxl reason for referrinjf gen- 
eral and widespread movements occurring during protracted in- 
tervals, like those whieli took place on all the continents during 
the Carl)oniferous age to general causes. We have stated Ijefore 
that Pr. Croll refers the movements of this epoch to alternate 
I^eriods of refrigeration on the northern and southern hemi- 
spheres, such jK^riods favoring the formation of an ice cap. and 
thus, by changing the earth's centre of gravity causing a rise of 
waters on the refrigerated hemisphere. No doubt this ma\* ex- 
plain the fact of ditfercMices of consecutive strata, but it does 
not solve the problem of cycU»s of sedimentation, and it ap])ears 
to me that !i diminishing angle of slo|)e in the wasting land under 
uniform conditions of precipitation is the only adecinate solution. 
IJut even this <loes not explain those gmnder divisions of geologic 
time like the Palaeozoic. Mesozoic, and Caenozoic. We may 
HUp|K>se that movements like the upheaval at the close of the 
Fiower Silurian, in the Permian, or in Tertiary times were either 
the (*x{H'nditures of nccumulatinl tcnsi<ms created l)y crontractions 
in the earth's crust, or « contemporaneous action of this with one 
or nion* of th(» other forces enumerated heretofon». 

Such a peril Klicity of major events separated liy l<mg inter>'alH of 
time and inters|M*rsed by minorcommotions harmonizes with the gen- 
eral hypothesis of a cooling an<l contracting globe. We would 
infer that in earlv times when the crust was thin, the radiation of 
heat was much more active than now. and general, ])eripbenil 
eonvulsions were of frcniuent occurrence. But owing to the thin- 
nesM of the erust it could not sustain anv very marke<l elevations 
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without n rupture and outflow of molten matters within. Such 
outflows, if copious, would obliterate any existing differences of 
level, mid refuse the parts of the crust which wen» crumpled in- 
ward. This process would of m»ci*ssity continue until the crust 
should hiive nttnincMl a sutticient thickness to sustain the eleva- 
ti<inH impressed ujion it. A.ssuming that this was the order of 
4'ventM we would expect that elevations winUd take place along 
lin«'N of weiikiicHs (se*' rr//^): that the major contractions would 
U* eo hininltantMius <»n ditfen»nt parts of the gloln*. that the older 
moniitains would have n smaller elevation than those that were 
forni«*d later, and. flnallv. inasmuch as the rate of radiation of 
int4'rnal heat sustains an inverse nitio to the thickness of the 
«niHt. wlienN'iH the n»sistance to flexure su.stains a direct ratio to 
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that thi(*knc»H8, Wi» would expect tliat the epochs betweiMi succhjh- 
«ive geiienil (listnrbanees would }>e progresHively longer as the 
cooling of the interior advanced. On this hypothesis, other 
things cHpial. the Falseozoic «eon lietween the I^)wer »^ilurian and 
the Permian would b** shorter than the Mesozoic. and this in turn 
shorter than the Cainozoic. But while these de<luctions seem 
well founded, we should be exc*eedingly cautious alK)ut applying 
them t4)o literally owing to the manifold and intricate a8|>ects of 
this problem. There seems to 1h» gcKxl ground, however, for 
awepting the general views hen* set forth. A general synchronism 
4)f cmstal movements ih l)ut a corollarv from the doctrine 
of the identity of geological formations on ditferent parts 
of the glol)e. The later forme<l mountains were undoubtedly 
<*olos8nl compannl with earlier ones. We have but to compare 
the rinH»n mountains (making due allowance for sul>sequent 
erosion) which wen» uplifte<l at the end of the 1/ower Silurian 
(Dana) with the Rockies, Andes, and Himalayas of Tertiary times 
to realize the greater effectiveness of on>genic forces with the aug- 
mented thickness of crust. While we seem forcinl to admit a 
general synchnmism in the movements of continents as shown in 
the Kix*ene jK»riod. yet « close parallelism in the cycles of sedi- 
mentation should not })e ex|)ected. Circumstances t<K) numerous 
and complex to In* here considered would modify in endless ways 
the minuter adjustments and reiidjustments of land and stni. But 
this al>s<»nce of pandlelisni does not at ail invalidate the general 
doctrine of cvcles of se<li mentation. 

» 

Heri» it would Ik* inten»sting Uy point out the n*lations 
sulmisting iK^tween cvcles of se<li mentation and geological 
faunas. .1 fn-iori we feel sure that intimate connections 
must exist lK»tween the two. and the general facts of palae- 
ontology sei*m to sustain the inference. The m<Mlifying in- 
fluences <if such cycles must have pn)foundly atfectcnl the 
development of animal ty|M*s. But we an* t<H» ignonint of 
the laws of life to s])eculate \\\n}\\ the iiunhi» o^keratuH of such 
developments. We can cf)njecturt» this much, however, when 
the elevation of the land is greatest, the <lenudation is most ener- 
getic, the n)ily waters will then flow farthi»st out into the sea, 
and only mud-loving animals will fretjuent the neigh lx)rhoo<l of 
the shores. Their renuiins will Ix* imliedded in the resulting c<m- 
irloraenite. With the diminution of erosive activitit*s new con- 



(litions will prevail in adjacent sejus, and a ditrerent clasps of or- 
^anisuis will inhabit their waters. When the land has disap- 
IKMired altogether, the waters will ]k» clear and well suited to the 
growth of lime-secreting animals. Thus there will he a cycle of 
living forms corresponding to each cycle of sedimentation, but 
owing to the long duration of those sedimentary cycles, and the 
mutability of animal types, the cycles of life will rarely if 
ever re|>eat themselves in cons(»cutive cycles of sedimenta- 
tion. 

In conclusion we may say that the general fact of cycles of 
sedimenUition is well established. They are l)est explaine<l as 
resulting from the secular (»levations and ditferential ratt»s of 
erosion of land areas. The elevations nuist have Ikhmi perioilic. 
This periodicity was due to other secular phenomena of a more 
general and fuiKhimental character. The following are the most 
im|>ortant of those phenomena: 1st. The secular cooling and con- 
scHpient contraction of the earth's crust. 2<l. The alternate 
occurrence of periods of refrigeration at the northern and soutli- 
ern hemisplu»res due to astronomical events. lid. The genemtion 
and expansion of gases and vaiK)rs at the lK>ttom of the seas 
r(*sulting in crustal disturbances. By the inde|M»ndent or unit^Ml 
jictivities of these several forces there have resulted iK»rio<ls of 
profound and universal disturbances o(»curring at widely removinl 
intervals of tinu». While those intervals have been markinl l>y a 
prevailing (piietude, yet there was a continuous succession of 
minor disturbances related in some complex way to those same 
genend forces, which have given rise to cycles of siMlimentation. 

Julii .*S, ISUl. 



KDITOJUAI. COMMENT. 



The study of geology is no light and ea.sy tjisk. Uoliert Mal- 
let once wrote that to Ih' a geologist a man must first Ik» a chem- 
i.st. then a physicist, and lastly a mathematician. (ii*oh)gy can- 
not Ih» mastered by reading the literature of the science, interest- 
ing and important an it is. Nor can the alternate loading and 
discharging of a few pages of a school or college text lMM)k make 
a gtM)logist. (Jeologus na.scitur, non tit, is a true paitKly of the 
original. No man can Ih» a geologist unless the stuff is in him. 
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But [)<)ssessiiij^ this lu» yet needs careful training. At the same 
time the subject is so large and the field so wide that scopc» is 
afforde<l for great variety of nientiU power and habit. The* re- 
flective rain<l can find ample r<H>m to usefull}' indulge his specu- 
lative ten<lencv if he only k(H*ps within the limits of reason and 
judgment. The observing realistic mind will be i>erfectly at 
home in a practical i>ortion of the science. Nor are the graces 
of litenu-y tmining foreign to the subject, for the power of the 
gcH>logist to present his favorite theme to others is often and 
vastly helped by its possession. The stonemas<m of Kdinburgh 
would \\s}\\}v have lK»come the Hugh Miller of geology and litera- 
ture had he lacked his elegance an<l j)ower of <liction an<l illustra- 
tion. 

But for success in any fiehl of the science hard and <»ontinuous 
lalK)r and thought are riHpiisite — especially thought. Pondering 
on the pn»blenis iK^fore him and working them out in detail, 
whether in the field or the study, makes the geologist. To realize 
by the aid of a scientific imagination the past and the lost of the 
earth's history, to conceive of the (U»stroye<l as still in existence, 
and to estimate and weigh the changes resulting from its destruction, 
all this involves a i)ower of vivid mental imagery not |H)ssesstMl 
bv man v. 

(treat geologists therefore have Ihhmi and still are raiv. >Ien 
who can gather up the work of others and focus it with their own 
in some grand generalization :is Agassiz did for the Ice-age. never 
will Ih» numerous. But the rank and file of the geological army 
is not to be despise<l ))ecause each one cannot Ik* the great (*om- 
mander. Kvery one can contribute to the victory if by patient and 
careful drill he will fit himself for the work that geology demaiuls. 

And this work is the investigati<m of the problems that lie at 
his own door, (^>unty geology, township geology and even the 
geology of smaller arejis are the topics with which most must con- 
tent themselves. There is scarcely a county or township l)i»twtH»n 
Maine and Oregon. In'tween Minnesota and Mississippi that do(»s 
not atford enough problems to employ all who desin* to work. 

•• But what shall I studv? At what shall T look? * are the 
usual remarks. Are there fossils within your reach? Then 
make an etfort to sc^cure all the species that occur there and learn 
to distinguish each one and every single part of each one so as to 
have a critical anpiaintance with them. Are there none? Then 



.stiulv tho river and stnmui. Why does this stream flow here and 
that one there? Has the prt»sent |K>sition Ikhhi determined Uv the 
hanhiess and softness of the strata or h\ some other cauHe? 
Have the hi|,(hhinds been elevatc^i or an» they merc'ly n*IicH of 
hirjrer masses tliat have been en)d<»d? To what jft»ologieal era do 
tlie r<K*ks of the eoiinty helonfj. and for what reason are they 
aserilK»d to that <hite? 

These are a few samples of the problems lying lH»fon» the Uh^I 
gtK)lojrist and his attempts to solve tliem will give him more geo- 
logical knowknlge than the reading of all the textlKK>ks or the 
eommittal of their pagt»s to memory. 

I have seen men who knew nothing of Unik geology, who 
i'ouhl not tell whether the Silnrian or the (^arlM)niferous strata 
weiv the i)lder. and who did not coneern themselves with the 
thtH>rt»tieal (jnestions that divide the gc*ologieal world, but who 
werc» nevertheless, in my opinion. traine<l and CHluoate^l men, who 
iniuld rt»ason closely and severely from their data, ami wlnme 
<jueries. suggestcKi by expi»rience. often puzzliKl k»arne<l gcMilogistM 
who heanl them. Such men ai*e t<H» scarct*. 

I <lo not undervalue study of a wider kind. Ijet all who can 
enjoy it. IJut when it is out of reach let none sit down and say 
••I cannot study geology. " 

Such men as deftcrilKKl alM)ve are often the life and soul t>f 
l<K*al societies, and it is from their careful and constant work that 
tlK»H<» societies derive a greiit part of their value. To lK»th we 
kH»k for gn»at and increasing rt»sults in the future. 
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()n thi ]'n'tebrif tit front the Terthiry ami CretaeeOHS Ii**^A'4 t*f the X, If, 
Ttnitori/,- Y,. I). Corn, (Geol. Sur. of C'anada, Vol. 8 [Quarto], 1891, pp, 
2\ 14 plsj In thi» part (I) Prof, C'op<' tlescrlbes "The Species from the 
<)lijrcH*ene or Ix)wer Miocene beds of the Cypress Hills." The material, 
fruni whicli these 8p<*cies are described, was found in a liad state of 
preservation, the bones l>eing much broken, which is accounted for by 
the fact that the formation from which they were derived is conglom- 
erate of a quart/.itic nature. The beds are somewhat older than the 
White Hiver l>e<l8 of Dak(»ta, which accounts for the presence of 
llrmipnnhtibm. Five new species of fishes are tlescrlbed, Amun wkit- 



/tV/vV//' of lirvent (MeohHjiviiJ Lttrrnturf\ H27 

€4it*'mHiU^ A, iiuici'ottpondyla^ WtiiwMen rhitti$^ Aminnis rancHlntHS^ A^ 
inac^mnelUi^ the three latter being somewhat doubtful; a new testudinous 
reptile, Trionyx h'uropota mints is also given. A number of mammals 
are also de8cri1)ed, }fenodu* being the principal. It is surprising to note 
the almost entire absence of the Oreodonts, only one tooth having been 
f(mnd. 

Thi- liritiith Tertinry Krhiiioid Fauna« ttti*f thrir AjfinitieH, — J. W. 
<jRKGORY, F. G. S. 45 pp. I fig. in text. (Proc. Geologists' Association, 
London, Pts. I and II, 1801.) This is a most important memoir, cover- 
ing, as it does, the entire Tertiary fauna of the British Isles: the work, 
however, is deficient in illustrations of the new species described. 
There is reference to two plates, and it is presumed that they will appear 
with the next number of the Proceedings. Six new s{)ecies are de- 
scribed of which four are from the Eocene. According to this author, 
there arc 7 genera and 14 species from the Eo<*ene, 1 1 genera and 21 
species, of which 9 are KchiuHs^ from the Pliocene, and five genera and 
seven species, of which 3 are Krhinus^ from the Pleistocene. The author 
concludes that th^ cause of the small number of British echinoids in 
due entirely to (;limatic and lithologic conditions; In the Calnozoic, the 
British seas were cold and free from reefs, both conditions unfavorable 
to the growth of echinoids. The author also favors the view that a belt 
of rihallow water connected the south of Europe with America during 
the Calnozoic. A bibliography is appended in which are cited 4U 
authorities. 

77u' Memaoh' tnn\ Tertiary FntteHti of Xftr South WhUm, — K. Etiieriik4K, 
Jun. and A. S. Oluff, 14 pp., 2 heliotype plates. (Memoirs Geol. 8ur. 
New So. Wales, No. 7, 18!)0.) There are but few Tertiary insects (hardly 
a dozen) known from the Australian continent, therefore this (contribu- 
tion is particularly timely and important. There are described two new 
genera {Mfttontif/itutdrrH, l>elougingto the family liuprestitUfKud PtiUttdymif 
belonging to the family fj^iitipyrid^f, both Coleoptera) and five new 
s|>ecie8. 

On the (hft'oftH/y of J^ahrotheriutu,- W, B. Scmitt, Princeton (.Tour. 
Morph. Vol. V, Xo. 1, June. 1891), pp. 74, 3 pis. and figs, in text. This 
learned author's ''Contribution to the Phylogeny of the Tylopoda" is a 
l>eautiful Illustration of systematic work. He first gives some interest- 
ing examples in evolution and then takes up the Pwbrotheritnn^ which 
he is 1>etter able to dcscril)e than any other i>erson, not only on account 
of his well known ability so to <lo, but also by the fact of the posses- 
nion of an almost complete skeleton: this 8kelet<m having been discov- 
ered by that Indefatigable collector. Prof. W. F. Magie, upon the groun<l 
which a few months later (in 1890Jwa8 made memorable by the Indian 
outbreak. This skeleton, together with a number of other parts, has 
f'nabled Prof. Scott to render this important contribution, and the 
thorough study of PtrhmttH ri^tm is indicated by the large number of 
pages devoted th<*reto. There is, however, one fault to be found with 
this paper, viz: the method of sriving references, which are numbered. 
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and refer to tlie end of the paper, whereas* it would seem much l^etter 
and would afford easier reading, to have the usual foot references. The 
author says ProtohihiH is the connecting link between Procamelun and 
Pwhrotherinntj this latter being also the forerunner of the llamas as well 
as the camels. He thinks the two species of Procamehm^ P, occidrnt^tlu 
and P. iiuginftuUnttj the starting points of the llamas and camels re- 
spectively. Jjeptotragulms is the forerunner of the White River Ptffjro- 
thenmit. The Bridger Jlomiieodini is connected with Pontolestett on theone 
hand and LeptotrnguluH on the other. **If these conclusions are correct, 
it follows that the Tylopoda are but remotely connected with the true 
ruminants.^' The points in which the modern camels agree with the 
ruminants and which are absent in the Pwhrotherinm have been inde- 
pendently acquired. The monograph closes with a bibliography of 
thirty-four contributions to this and allied subjects. The three plates 
are magnificent expositions of the art. 

Thi Tudor ttprcitfttti of Kozm>n, .1. W. GuKtiOUY, F. G. S. (Quart. Jour. 
Geol. Soc. Aug. 1891.) After a thorough examination^ of this specimen 
of Kozooii from Tudor, Hastings Co., Ontario, the author of this paper, 
supported by many authorities, comes to the already foregone conclusion 
that it is not of organic origin. It is further stated that the rock c<mtaining 
the specimen is not, as has been pn'viously descriln^d, Lower Laurentian 
but "lluronian** of Selwvn and V'ennor. 

Stone»for Ihiihliug and Jkeonithn^ by (tKOIUJE P. MKuiiii.li, Curat<ir 
-of Geology in the United States National Museum, Octavo, pp. 4.VJ. 
New York. John Wiley & Sons, 1891. All quarr>'men and builders 
who use stone will welcome this volume. It is the first of its kind in 
America, and it will certainl}' serve a very useful purpose in the <iuarry- 
ing industr}'. Quarrymen and stone users are very apt to be ignorant 
of the mineralog}' and geolog}' of the rocks they handle, and the crudest 
notions concerning them are frequently' current. In this volume the 
composition and other mitunil <|ualities of all the building-stones of the 
4'ountry are set out plainly in simple and uon-techuical, yet In accurate, 
ilescriptive, language. This will afford the information that is so badly 
needed by the ordinary builder, and will disseminate otherwise a more 
thorough and scientific knowledge of stone. Of course the scientitic man 
does not look into such a work for anything new in science. It is not 
addressed to such, but it contains many generalizations and summary 
statements in convenient form which will make it also verv useful to 
him in ref<»rence to those portions of the subject with whi(rh he may 
jiot be personally familiar. It is a compendious dictionary of the pro- 
tluction and distribution of stone for construction and decoration in the 
I'nited States, and also contains chapters on the weathering and preser- 
vation of building-stones, and on their coni{>arative qualities. No one 
has had ampler facilities, and certainly no one could be l>etter fitted for 
the production of such a work than the curator of geologj' of the 
United States National Museum, where samples of all the building- 



istoue^ of the country were gathered through the agency of the censufi 
of 188<). 

Aiinmil liepoi't, (uohtjiail Surcey of Arhintnna, 1S88, Vol. iv, J. C\ 
Hranner, state geologist, Little Hock, 1891, contains: The geolog}' of 
Washington county, by F. W. Simonds, and A list of the plants o| 
Arkansas, by J. C. Bkaxneu and F. V. Covillk. Tlie report on Wash- 
ington county is very full. The county embraces a complete section 
acn>s8 the Lower Carboniferous rocks ((.'hester, St. Louis, Warsaw, Keo- 
kuk and Burlington) to which the name *^ Mississippian^' is applied, after 
the recommendation of the late Dr. A. Winchell. In like manner the 
Coal Pleasures of the state, represented only by the basal portion -the 
Millstone grit — is named Pennsylvanian on the authority of Prof. H. S. 
Williams. 

MeefatUM Monthly^ published at (termantown, Philadelphia, by Thomas 
Meehan iV: Sons, is devoted to general gardening and' wild tlowers, but it 
18 much more than a gardener's paper, being strictly scientific, and con- 
veying much general botanical information. 



LIST OF KECENT rUBLICATIONS. 



Foreign Publiculions. 

Surface straining of the earth in relation to the deep phenomena of 
volcanic action. T. Mellard Keade. (Geol. Mag. Aug. 1890,) 

Perche<l rocks near Austwick. T. Mellard Ueude (Geol. Mag. July, 
1891.) 

On the Klllary bay and Slieve Partry Silurian basin, also notes on the 
metamorphic rocks of northwest Galway. G. Henry Kinahan, (Pro. 
Koy. Irish Acad. Hrd. Ser., Vol. I, No. 5.) 

On the Drifts of Flamborough Hea<l, G. W. Lamjdugh, (Quart Jour. 
4;eol. Soc. Aug. 1891). 

VL Sett nttffr hihorntorifn ami Muntumn. 

Bulletin of Denison University, Vol. VI, parti, contains; Some obser 
vations on ^le crushing effects of the glacial ice-sheet, W. G. Tight. 



CO IJEES PO.\ 1)e:n' ce. 



Xeic Ztuhiiid (iUiritrn. — The glaciers of Mount Cook (New Zealand) 
are not a whit behind those of the Alps in some respects. The longest 
is longer than the longest in the Alps. Then for one ton of superficial 
moraine matter the Alpine glaciers carry, the Mount Cook glaciers must 
carry five h\mdre<l. The Mueller glacier is a mile in width, and for its 
lowest three or four miles is completely' buried imder a load of stones of 
lill sizes, from that of a railway carriage downward. I got about 8,000 
feet up Mount ( -ook, and 1 think wouM have attained the summit if I 
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would have 8pare<l another week. It will probably b<' tiurmouiited in a 
year or two, as young Xew Zealanders are getting to get a i>ride in it, and 
it will be mucli easier now, as a "Chalet" lias just been completed well 
up the Ilochstetter glacier ami will afford a convenient base of operations. 

Although there ig evidence in old moraines, old high lake levels, and 
the like, of a former enormous extension of the glaciers, there is, strange 
to say, hardly any etiuivalent of the till or lioulder clay marking an ex- 
tensive moraine profonde. 

On this subject I may say that when in Adelaide (South Australia), \ 
went with professor Tate to Hallet's cove, in Spencer gulf, to see his 
glacial markings. Much discredit has been cast on these, but with all 
the assurance derived from having mapped glacial stria* in Scotland for 
ten years almost daily, I recognized these as genaine and unmistakable. 
There was just as little doubt that the ice which made them move<l from 
south to north; let the fact be explaine<l as it may— whether the motive 
lay in a high land now submerged, or in the heaping up of ice rouml 
the sotith pole. In the latter case the ice should hav(> impinge<l on 
other parts of southern Australia and on Xew Zealand. The marking 
may not have been recognized because of the prevalence of soft Tertiary 
riK'ks unfit to retain impressions, or perhaps because the Idea would 
seem absurd. Hobkut L. Jack. 

To\rn»riUe^ f^mritHland, An*/. .>, /.s.9y. 

Mil. CusiiiNci ANii TiiK MriH Glacikr. — In the very instructive and in- 
teresting paper by Mr. Cushingin the October number of the Amkricax 
(TKoi/0(iisT 1 was specially attracte<l by his remarks upon p. 221 upon 
the slight changes of level which seem recently to have taken place at 
the head of Muir inlet. One indication of the varying phases exhibited 
by the front of Muir glacier is found in the buried forests de9cril>e<l by 
Mr. (/Ushing on the east side. During the summer of 1880, when I was 
there, those buried forests were not visible. Nor di<l we observe u|)on 
the east side any instance of the ice overlapping the sand and graveU 
though we saw abundant instan<'es of both phenomena upon the west 
side. In recurring, however, to a report of Mr. Lamplugh who visite^l 
the glacier in 1S84, I find that his attention was attract^nl by the overlap- 
ping ice on the east side, and the officers upon flie steamer told me of 
having seen buried stumps at low tide in the sanu* vicinity. Evidently 
the annual changes going on at ilw front of the glacier, espe<'ially ui>on 
the east side, are very rapid ami marked, and it would be well if arrange 
ments <'oidd he nuule to have them accurat<»ly notetl from year to year. 

I think Mr. Cushing is probably right in his criticism upon my ex- 
))lanation of the burial of the forests upon the west side of the inlet. My 
suggestion was that **the <lying glacier^* had pushed eastwanl tluring a 
peritsl of genenil atlvance, so as to obHtruct the drainage through Muir 
Inlet, and <-ertainly the position of the moraine uptm this singular glacrier 
looks as though it were an offshoot from the larger ice-stream that at one 
time filled the west fork of <ilacier bay, coming down from mount> 
('rilh)ii and Fairweather. Mr. Cushing's criticism is also supportetl by t 
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fact which I mentioned but did not fully consider in my theory (see ice 
Age in North America, p. 61), viz: that there were remnants of a buried 
forest on the south end of Headland islantl, wliich is l)elow the **dying 
glacier." 

A slight mollification of my theory, however, would meet this difticulty, 
namely, that the ice-stream coming down the west fork of the ^laciiT 
was for a time predominant, and pushed along so far in advance of that 
which enters the east fork as to obstruct the drainage of Muir inlet, and 
allow the accumidation of sand and gravel which we now tind above the 
forests. 

While there is nothing in the way of supposing a slight subsidence to 
have occurred sutlicient at least to carry down the buried forest on the east 
side below tide level many facts which have been brought to my observa- 
tion recently in England make me hesitate about bringing into the thc^ory 
so large a cause for so small an effect. It has seemed to me that possibly 
those forests upon the east side, having grown uiK)n an insecure founda- 
tion, may have slightly shifted their position, and that, as the inlet has 
been deepened by the active erosive agencies at work, there may have 
been a slight slip of extensive portions of the soil upon the east side, 
so as to carry the buried forests l)elow the sea level. It is possible, also, 
that this lowering of their level may have been brought about with little 
or no lateral movement. The occurrence of a betl of <iuicksand upon 
which the forest strata rested may have suffered the foundations to be 
undermined through the action of springs, and thus brought about a 
local sudsidence sufficient to account for all the facts. 

Mr. Cushing*s presentation of evidence l>earing upon the changeability 
of the conditions about the eastern sources of Muir Glacier seems fullv 
to justify his criticism of my remark that these forests may have existed 
before the (glacial period itself. In connection with further study of 
the region I wish attention ndght be directed as soon as possible to the 
glaciers which enter the western fork of the bay, that we might learn 
whether the changes taking place there are correlated with those upon 
the Muir glacier. (J. Fhkdkuick Wiuoiit. 

OtHThn, Ohio^ (k-t. 10. 



l^ERSONAI. AND SC^IENTIFIC NKWS. 



TiiK i'NiVKRSALiTV <)K (f(»M>. Almost cvcrv ciiUic vard of 
^mnite, or iu fact, of rock of any description, contains from mere 
traces to often apprwiable <[uantities of metallic ^old intcrmixeil 
amongst the materials forming the rock. Also, it is a scientific 
fact, and one which has l>een proven by many actual experiments, 
that, for every avoir(lui>ois ton of water in the entire hulk of the 
ocean, there will average al>out two grains of gold. Or, in other 
wohIh. there will 1k» found alHJUt two grains <»f gold in the form 
of a chloride of goUl. in every ton of sea water, whether taken 
from the surface or at the iMittom. And. therefore, there are nn- 
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told inillioiis of dolhirs of gold held in solution by the waters of 
the oocMin, which have been dissolved out of the rocks of the 
earth by the action of heated alkaline waters containing silica, 
that have slowly leached 'and percolated their way throughout the 
crevices and [lorous substances of rocks, dissolving out the infin- 
itesimal particles of gold. The prinuiry source of the gold found 
at the surface of the earth is found to 1k» in the earliest azoic 
granite; and from these granites it has been altered and formed over 
and over again through all the succeeding geological horizons to 
the present periixl. Or, in other words, the gohl of the ancient 
Archean granites formed during the cooling of the earth's cnist, 
has been dissolved and precipitated and re-dissolved and re-pre- 
cipitated, over and over, throughout all the rocks of the earths 
strata, from the very earliest Azoic to the most recent Quater- 
nary period. Therefore gold may be sought for in every geologi- 
cal horizon: and has thus been found in more or less paying 
([uantities from the very earliest rocks, up to the r(»cent alluvial 
and drift formations. However, in those veins of (juartz which 
are found in the (^imbrian and Lower Silurian strata, gohl. in the 
metallic state, intermixed amongst the (piartz. is found in far 
greater commercial (luantity, than in any other of the pri»ceding 
or subsiHpient geological horizons. Wherever gohl has Ixvn 
foun<l in very large cpumtity in either vein or placer form, it lias 
biH^n found to be either in a Cambro-Silurian series of slaty rocks 
and (juaitz. or else has r(»sulted from the imnuHliate <lecomjK>si- 
ti<m of those rocks. Dr. AVillis K. Kvkrkttk. 

TiiK Caf.i'mkt .vni> Hkcl.v Mink is now worked at a depth on 
the lode of over 4.()(M> feet with an extent in length of aliout 
two and one-half miles. This mine is operated by fourteen 
shafts, one of which is a six-compartment shaft, now sunk to a 
perpendicular depth of alnnit 2,500 feet ; and which when completed 
will be upward of 5.000 feet deej). The aggregate i>ower of the 
steam plant in use and under construction is some 87,500 hors4» 
|^>wer. including one engine of 4.700 horse power and eleven 
other engines of an average of 2.000 horse |)ower each. The 
stamp mills of this mine contain IS im))roved Ball steam ,stami>s, 
making from 05 to OS bh>ws per minute and crushing alx>ut 4,500 
tons of rock of the h)de in twenty-four hours. The thn»e pump- 
ing engines have an aggregate capacity of 50,000,000 gallons in 
twenty-four hours: while another triple expansion pumping en- 
gine, now nearly completed, has alone the capacity of 00,000,000 
gallons in twentv-four hours. Besi<les the two sand wheels fortv 
fcH't in diameter capable of elevating some 1(5,000,000 to IS, 000. - 
000 gallons of water and 1,000 tons of sand iK»r da}', then* is 
nearly complettnl another wheel fifty-four fei»t in diameter, de- 
signed to elevate IJO.UUO.OUO gallons of water and a, 000 tons of 
san<l per day. 1>R. M. K. Wai)SW«)Rth. 
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A CATALOGUE OFTHE PAL>EONTOLOGICAL PUB- 
LICATIONS OF JOSEPH LEIDY, M. D., LL.D. 

By Joiix Eykumax, Eanton, Pa. 

Dr. Henn' C. Chapmau in his "Memoir of Jo8e)>h Leidy, M. I)., 
LL.D." ( Proc. AcaiL Nat. Sci. Phila., 18«1, pp. ;U2-:]88) gives a list of the 
reconled publications of this celebrated anatomist, in which there are 
no less tlian five hundred and fifty-three communications, principally to 
the Proceedings of the Academy of Natural Sciences of Philadelphia. 
It is a noteworthy fact that nearly one-half of these communications 
relate to vertebrate pala*ontolog}'. Dr. Chapman*s complete bibliog- 
raphy exhibits the wide range of thought, which Dr. Leidy enjoyed in 
tlie natural Sciences. At the conclusion of his memoir, Dr. Chapman 
pays this high tribute to his friend. "Possibly no country ever produced 
"a student whose knowledge was at once so accurate and comprehensive, 
"lie was an excellent mineralogist and botanist without claiming to be 
"either, among the highest living authorities on comparative anatomy 
"and zoology, one of the most distinguished helminthologists living and 
"the e<|ual of any pahi^ontologist at home or abroad." 

1. On the Fossil Horse of America. Proc. Acad.* •'?, lH4f5-47, pp. 
•262-«(J. 

2. Additional Observations on the Fossil Horse of America. Proc. 
Acad. 3, 1847, pp. 2^2m. 

8. On the new Genus and Species of Fossil Huminantia, Poebrother- 

ium wilsoni, Proc. Acad. 1840-47, pp., 822-2G. 
J?a. Id. Ann. Nat. Hist. I, 1848, pp. :J89-02. 
:}b. Id. Am. J. Sci.t V, 1848, pp. 27(J-79. 
4. On a new Fossil Genus and Species of liuminantoid Pachyder- 
niata, Merycoidodon culbertsonii. I*roc. Acad. IV, 1848-40, pp. 
47-50. 
."). Tapirus americanus fossilis. Proc. Acad. IV, 1848-49, pp. 180-8.1. 
0. On Rhinoceros occidentalis. Proc. Acad. 1850, p. 119. 

7. Observations on two new Genera of Mammalian Fossils, Eucrota- 

phus jacksoni and Archa'otherium mortoni. Proc. Acad. V, 1850- 
51, pp. 90-94. 

8. On some Fossil Mammalian Remains. Proc. Acad. V, 1850-51, pp. 

101 <>♦> 

X<w X*<w/«>. 

9. On a Fossil Tortoise, Styleniys nebrascensis. Pro<\ Acad. V, 1850- 
51, pp. 124-2<3. 

10. On Fossil Remains of Ruminant ungulates from Nebraska. 

Pro<'. Acad. V, 1850-51, pp. 2:]7-»». 

11. On the Fossil Remains of Balaena paheatlantica and H. prisca, 

from the Miocene formation of Virginia. Proc. Acad. V, lH.50-51, 
pp. :^08 9. 

♦ProctHJdiiijrx of th«» Ac«d«'my of Natiinil Srinio-. I*hil«. 
♦Amorlcnii Joiinitil of ScltMu-**. 
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12. On some Fossil Reptilian and ^[amnialiau Heniains. Proc. Acad. 

V, 18r)0-51, pp. 82.-)-:50. 

13. Description of a new Species of Crocodile from the Miocene of 
Virginia. Jour. Acad.* II, 1850-54, pp. 135-;«. 

14. On the Osteology of the Head of Hipi>o]>otamus and a Descrip- 
tion of ihi* Osteological Characters of a new Genus of Hlpi)opot- 
amida*. .lour. Acad. II, 1850-54, pp. 207-24. 

15. On Bathygnathus borealis, an Extinct Saurian of the New Red 
Sandstone of Prince Kdward Island. Jour. Acad. II, 1850-54, pp. 
327-30. 

16. On some Fragments of Pahuotheriiim proutii. Proc. Acad. 185K 

pp. 170-71. 

17. Report upon some Fossil Mammalia and Chelonia from Nebraska. 
Smith. Kept., 1852, pp. 63-65. 

18. Remariis on a Fossil Vertebra from Ouachita, La. Proc. Acad. 
1852, p. 52. 

11». On the Osteology of Hippopotamus. Proc. Acad. 1852, pp. 52 5.J. 

20. On Fossil Tortoises from Nebraska. Proc. Acad. 1852, p. 59. 

21. On two Crania of Extinct Species of Ox. Proc. Acad. 1852, p. 71. 

22. Reference to a Fossil Tooth of a Tapir. Proc. Acad. 1852, p. 106. 

23. Remarks on the Fossil Ox. Proc. Acad. 1H52, p. 117. 

24. Remarks on some Fossil Teeth of a Rhinoceros from Nebraska. 

Proc. Acad. 1852, p. 2, 

25. On a Fossil Turtle from Nebraska. Proc. Acad. 1852, p. 34. 

26. On a new Species of Fossil Delphinus and a New Saurian* 
Thoracosaurus grandis. Proc. Acad. VI, 1852-53, p. :r>. 

27. Ursus amplidens, a u(»w Fossil Species. Proc. Acud. VI, 1852-53, 
p. 30;i. 

28. On some Fossil Cetacean Remains. Proc. Acad. VI, 1852-53, pp. 
377-78. 

20. Description of the Remains of Extinct Mammalia and Chelonia 
from Nebraska Territory, collected <luring the Geological Survey 
under the direction of Dr. David Dale Owen. Rept. of Geol. Sur. 
of Wis., la., and Minn., D. I). Owen, 1852, pp. 540-72. 

30. I)i»8cription of an Extinct Species of American Lion, Felis atro\. 
Am. Phil. Soc. Trans. X, 18.53, pp. 319 22. 

31. A Memoir on tiie Extinct Dicotylidic of America, 1H.V2. Am. Phil. 
Soc. Tnuis. X, 1853, pp. :J23-44. 

32. Memoir on the Extinct Si)ecies of American Ox, ls.52. Smith. 
Cont. V, 1H.5;{. 

X\. Remarks on various Fossil Teeth. Proc. Aca<l. 1853, p. 214. 

'W. On some Fossil Fragments from Natchez, Miss. Pro<\ Acatl., 

185:], p. 303. 
35. Remarks on a Collection of Fossil Mammalia and Chelonia from 

the Mauvais<»8 Terres of Nebraska. Proc. Acatl., 18.53, pp. :i92-94. 
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3(S. The Ancient Fauna of Nebraska: or a Description of Iteinains of 
Extinct Mammalia and Clielonia from the Mauvaises Terren of 
Nebraska, 1852. Smith. Cont. VI, 1854, a«2-94. 

'Vl. On Brimosaurus grandis, n. ^. Proc. Acad. VII, 1854, p. 72. * 

m. On Bison latifrons. Proc. Acad. VII, 1854, p. 81). 

:^1). On Dinictis felina. Proc. Acad. 1854, p. 127. 

40. Ilippodon and Merycodus, new fossil genera indicated. Proc. 
Acad. VII, 1854-55, p. DO. 

41. Synopsis of Extinct Mammalia, the lic^mains of which, have been 
discovered in the Eocene formations of Nebraska. Proc. Acad. 
VII, 1854-55, pp. 156 58. 

42. Description of a Fossil apparently indicating an Extinct Species 
of the Camel tribe. Proc. Acad. VII, 1854-55, pp. 172-73. 

4:J. Notice of some Fossil Bones, discovered by Mr. Francis A. Lincke, 
in the banks of the Ohio river, Indiana. Proc. Acad. VII, 1854- 
55, pp. im)-201. 

44. Remarks on the question of the Identity of Bootherium cavifrons 
with Ovibos moschatus or O. maximus. Proc. Acad. VII, 1854-55, 
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scientists in this country through the courteous kindliness of his 
demeanor, no less than through the earnestness of his zeal. Al- 
though but about eleven yeai*s of his life were spent in the rniteil 
States, coming to this country wholly unknow^n and without 
recommendations or introduction, he entered upon a car(»er whicli 
soon conducted him into the favorable consideration of the high- 
est authorities of the Government at Washington, and when he 
die<l he was in the service of the Bureau of Topographical Kn- 
gineers. 

Born in France, whence also came Guyot, and Agassiz and 
Lescjuereux. a brilliant group whose illumination the ninetei»nth 
century will always bear, he also brought to America and conse- 
crate<l to her service a ripe education and great skill in manipula- 
tion of scientific methods. lie was lM)rn in 17IK> at Cluses. in 
Savoy, between Geneva and Mont IMafic, and die<l Sept. IS, 
lS4v». probably at the house of Prof. Ducatel. in Baltimore. Md. ■ 
In l>oyhood he was obliged, through the iK)verty of his parents, 
to earn some portion of his livelihood. The musical ability which 
he displayed in later life, by which he enlivened the households 
of general Sibley and of Tndian agent Taliaferro, at Fort Snel- 
liijg, seems to have marked out for him the most successful means 
of gaining such subsistence. With a flute or a violin, at the 
tender age of ten years, he played at such public or private enter- 
tainments as needed his services, lie subs(H|uently was appren- 
ticed to a watch-maker, and remained with him until he was 
eighteen years of age. While carrying on this occupation at 
Chambry he prosecuted his studies in mathematics, in which he 
became so proficient that he was awarded a prize. Returning to 
(Uuses he taught mathematics, and at the sanle time receiviKl les- 
sons in Latin and other languages. After two years he repairtnl to 
Paris where lie was admitted to the first class in L'Kcole Xor- 
male; and soon afterwards he was placed in charge of the mathe- 
matical course in the college of ''Louis le Grand." 

"It was in 1S18 that Nicollet published his celebrated letter to 
M. Outrequin Bampiier, on 'Assurances having for their basis 
the probable dunition of human life. ' This little work gained 
for him a high reputation, aflfording to the Assurance Societies 
the prosi>ect of establishing their regulations upon the more cer- 
tain basis of mathematical demonstration, and he soon found 
himself courted by financiers, while at the same time he was ad- 
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mitted into the higher circles of society. Shortly after he wrote 
for the 'Modern Encyclopedia' several articles on prohahiUtus^ 
and one upon fissti ranees. It is stated that his knowledge of the 
English gave him a great advantage, in being able to consult 
w^riters in that language on the theory of assurances in applying 
it to every species of risks." 

In 1811) and lH2i) he made observations upon the lunar siK)t 
Manilus, and united them with those of Bouvard in IHOlJ. with a 
discussion of the whole, published in 1822 and 1823 in Connais- 
saiu'vs dm Trmpa. On the 21st of January, 1821, he discovered, 
between six and seven in the evening, a comet in the constella- 
tion Pegasus, seen on the same day and the same hour by Pons, 
of Marseilles. Tie subsecpiently computed its parabolic elements. 
In a later discovery of another comet (April 22, 1830) he was 
preceded by M. (lambart, of Marseilles, who saw it on the 21st of 
the same month. We are also indebted to Nicollet for observa- 
tions and computations of other comets, among which may l>e 
mentioned that of 1823, whose elements he computed. lie had 
alreadv labored some time in the Observatorv at Paris, when in 
1822, he entered the '* Bureau des Longitudes' ' as an adjunct. 
His i>osition for the future was thus most honorably established. 
The publications of the Observatory will show the part he took 
in the observations. He participated in that great work, the de- 
termination of the figure of the earth, by comparing a measured 
terrestrial arc with the celestial arc corresponding to it. These 
labors were published in "(\)nnaissances des Temps' for 1829. 
A memoir of his on a new computation of the latitudes of cer- 
tain places, to serve as a supplement to that great work, the 
^•Base du Systeme metri(|ue.'' was published in 1828. 

Nicollet was hoiK)red by the decoration of the Legion of Honor, 
previous to 1825. and had also the apimintment of professor to 
the Royal (Allege of Louis Le (irand. Having also been ap- 
pointed «Hie of the Inspectors of the Naval Schools, conjointly 
with MM. Heynaud and (rerand he published a course in mathe- 
matics in three volumes, for the use of candidates for promotion, 
the second volume, containing gcH)metry and trigcmometry, being 
indited solelv bv himself. 

In 1881 he determined the companitive magnetic intensity of 
Brest, with reference to that of Paris and Brussels, and the re- 
sults were inserted in the first volume of the Bulletins. Several 
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of his commimiciitioiis were iiiserte<l in the publications of the 
Royal Academy of Science and Billies I^ttres of Bnisseln. of 
which lie wjus made a corresponding member. 

In conjunction with this course of scientific promotion Nicol- 
let's financial success had kept wjual pace, and he had accumu- 
late<l a considerable sum of money. New avenues of profit 
opened before him, and tempted by his uniform success, he 
launched boldly forth upon a sea of speculation, with firm confi- 
<lence in his theory of probabilities. He faile<l. and with the 
<lisappearance of his own fortune the fortunes of others were 
involved. He was forced to seek refuge in the United States, his- 
former friends being found among his most bitter an<l implacable 
persecutors. 

He arrived in this country in 1S:{2. apparently having lan<ieil 
at New Orleans. He was an entire stranger and with limiteil 
pecuniary means. In the progress of a systematic journey 
through the states of the lower Mississippi valley, he made the 
accpiaintance of bishop Chanche. of Natchez, and a friendshi})^ 
sprang up between them which continued till Ni<*ollets death. 
Through the agency of P. Chouteau, Jr., <fe Co., of St. I^niis, 
extensive Indian traders in the Northwest, bv whom Nicollet wiu* 

ft' 

entertained on the most cordial terms, and of major Taliaferro,. 
Indian agent at Fort Snelling, the desire which Nicollet ha<l ex- 
pressed of exploring thoroughly the upper watei*s of the Missis- 
sippi, and accurately mapping the same, was made known to the 
I 'nited States (fovernment. In 1S:^:> the War Department furn- 
ished him letters of protection and hospitality, addressed to the 
commanding oflicers and Indian agents of the frontier, and at 
the same time the loan of certain instruments needed bv him. 
Aside from tiiese inc<»nsi<lerable aids, however. Nicollet entennl 
upon a grrat undertaking alone, and at iiis own expense and risk. 
He was evervwhcre rec(»ived with great cordialitv. He ha<l Invn 

• *^ ft 

sclHM»Ied to tiie social observance's which make dailv intercourse 

ft 

attractive. His mind was of tiie higlu»r order. His mathemati- 
cal and musical abilities, his delicate physical frame, his unos- 
tentati<1us demeanor, his readiness to iMiter into s<H*ial converse, 
and to impart information on topics which are the U^s under- 
stoo<l and but seldom discussed in the unsettle<l (Nuumunities in 
wiiich lu» now found himself, and his general scientific attain- 
ments, conspired to furnish him a pusHpfy>rt int<j the best circU*s.. 



The late general H. H. Sibley, and Indian agent Taliaferro, tes- 
tify to the pleasure with whieh thev received and entertained 

» I . 

Nicollet (hiring the winter months, at Mendota and Fort Snelling, 
when his active explorations were susj^nded. and he was engaged 
in constructing his preliminary map. -'In those days when the 
nearest settlement of whites was nearly three hundred miles dis- 
tant. the advent of a decent and intelligent visitor was hailed 
with delight." 

Tntil 1S;{8 Nicollet was thereafter engaged in mapping the 
region of the upper Mississippi. lie was accompanied by ex- 
l>erience<l Canadian front iei*smen. selected usually by the fur 
<»ompanies. (Chouteau & Co., of St. Louis.) and frecpientlv from 
their own men. He employed for the first time in this region 
those methods and principles which have been the basis of all the 
more recent surveys. The vastness of the area which he coverinl 
alone rendered it necessary to depend on more inaccurate metluwls 
for filling in the details between the points astronomically deter- 
mined. Wherever Mr. Nicollet went, he was imlefatigable in the 
use of the telescope for observing occultations an<l eclipses, and 
•of the sextant, with which he was very skillful. With these, a 
l>ocket chronometer, artificial horizon of mercury and barometer, 
he obtaine<l astronomic and to|x>graphic r(»sults. pos.Hessing re- 
markable accuracy for the means employed. Mr. Nicollet was 
the first explorer who macle use of the barometer in obtaining the 
elevation of our gi'eat interior c<»untry alK>ye the sea. An al)- 
»tract of the methods ami principles by which he was governed is 
given in his report, and these have served as a guicleto many sub- 
sequent observers. 

The preliminary map which he thus constructetl extendt^d on 
the east from the longitude of Madison in Wisconsin to the one 
hundreilth meridian, and from the northern international I »oun<hiry 

ft 

to the parallel of >{H degrees and *^0 minutes, which is just Ik»1ow 
the mouth of tlie Missouri river. It embrace*! not alone the ac- 
curate location of rivers and lakes, and the representation of the 
principal topographic elevations, but it showed many details of 
historic discovery and geography, and facts respecting the loca- 
tion of the Indian triV)es. and the alK)riginal names for streams 
and lakes. Nicollet familiarized himself witli early discovery, 

ft « 

and particularly with the early French explorations. i\\\i\ it was 
<meof his aims to r(»suscitate and reclaim for his countrymen the 
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nearest settlement of whites was nearly three hundred miles dis- 
tant. the advent of a decent and intelligent visitor was hailiMl 
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Until 1S:JS Nicollet was thereafter engaged in mapping the 
regi<m of the upper Mississippi. He was accompanied by ex- 
perienced Canadian frontiersmen, selected usually hy the fur 
<'ompanies, (Chouteau <& Co., of St. Louis.) and friMjuently from 
their own men. He employcMl for the fii"st time in this region 
those methods and principles which have heen the basis of all the 
more recent surveys. The vastness of the area which he covere<l 
alone rendered it necessary to depend on more inaccurate met IkmIs 
for fillinir in the <letails between the points astronomically <leter- 
mined. Wherever Mr. Nicollet went, he was indefatigable in the 
use of the telescope for observing occultations and eclipses, and 
of the sextant, with which he was very skillful. With these, a 
pocket chronometer, artificial horizon of mercury and ban)meter. 
he obtained astronomic and tojiographic results, possessing re- 
markable accuracy for the means employed. Mr. Nicollet was 
the first explorer who made use of the barometer in obtaining the 
elevation of our great interior country alH)ye the sea. An ab- 
stract of the methods and principles by which he was governe<l is 
given in his report, and these have served as a guide to many suit- 
sequent observers. 

The preliminary map which he thus constructed extendi*d on 
the east from the longitude of Madison in Wisconsin to the one 
hundre<hh meridian, and from the northern international l)Oundary 
to the parallel of ^JH degrees and HO minutes, which is just Ik»1ow 
the mouth of the Missouri river. It embracinl not alone the ac- 
curate location of rivei*s and lakes, and the representation of the 
principal to|K>graphic elevations, but it showed many details of 
historic discovery and geography, and facts respecting the loca- 
tion of the Indian tril)es. and the alH>riginal names for streams 
and lakes. Nicollet familiarized himself with early discovery, 
and particularly with the early French explorations, and it was 
one of his aims to resuscitate and rwlaim for his countrymen the 
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credit for what the}- had done, for at that time it had lapsed 
from common acknowledgement. This was freely communicated 
to bishop Chanche and to Chouteau & Co., as well as others, and 
it doubtless served to enlist all French citizens heartily in his aid. 
Col. Al)ert, chief of the engineer corps of the U. S. army, had 
kept himself acquainted with the progress of Nicollet's surveys,, 
although there is no evidence of any official communications 1k»- 
tween them. Hon. J. R. Poinsett, of S. Carolina, at the head of 
the War Department, was also informed of his self- instituted and 
self-sacrificing lalM)rs. At this time there was a general popular 
demand, for political reasons touching the controversy with GretU 
Britian concerning the Oregon Ixiundary, for knowledge of the 
nature of the country westward from the upper waters of the 
Mississippi,, and when Nicollet, in 1838, with broken health and 
exhausted means, repaire<l to Baltimore, where he again enjoyed 
the friendly hospitality of bishop Chanche, at St. Clary's Col- 
lege, and of Prof. Ducatel, he was s<Mm officially called to Wash- 
ington b}' Mr. Poinsett for the inspecticm of his maps and jour- 
nals. Mr. Poinsett and Col. Al>ert were gentlemen of kindre<l 
spirits, and the}' appreciated and esteemed the character of 
Nicollet. They also saw at once the importance to the country of 
securing for the government the materials collt^cted by Nicollet in 
his excursions. The result was that the chief of engineers was 
authorized to make arrangements with him for the transfer of his 
maps an<i journals to the government, and to secure his further 
services. Thus Mr. Nicollet found himself de,siguate<i to under- 
take, the next season, under government employ, and with 
abundant means to carry out his projects, a final expedition to- 
the Northwest for the purpose of completing his map. To this^ 
exjK*dition was attached Lieut. J. (\ Fremont, chief assistant in 
topographic and astronomic work. Mr. Charles (lever. l>otanist. 
M. cle Montmort. a French gentleman attached to the Legation at 
Washington, and Mr. Eugene Flandin, a young gentleman fn)m 
New York. The eventful career of Fremont niav l»e said to have 
commenced with this expedition, and Mr. Nicollet retained him a.» 
an assistant when afterwards he was engagcnl at Washington v 
rwlucing his :istrononiic olmervations and drafting his final ma| 
Two years ( 1 S!58 and 18:il») were given to field examination 
under these auspices. The second season Mr. Nicollet had, • 
leaving Fort Pierre, in Dakota, a party of nineteen persons. 
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eluding Lieut. Fremont, Mr. (jeyer, iin<l Capt. Belligny, iin officer 
of the French arni}- who wished to see the Indian countr}', 
thirt^^-three liorses and ten carts. The years 1840 and 1841 were 
spent at Washington, where Mr. Nicollet had r(H)ms for his work 
in the Coast Survey buildings on Capitol hill, and lived, with Fre- 
mont, in Mr. Hassler's own house near at hand. Gen. Fremont, 
in his "Memoirs, ' gives many pleasant reminiscences of his work 
here with Nicollet, and of the associations which they had with 
Nicollet's pei*sonal friends in Baltimore, where Mr. Nicollet fre- 
(piently retired for rest and recuperation — for his health was now 
seriously impaired, and he was able to make but slow head- 
way with his report. The map itself, executed under his immedi- 
ate e^'e, as the astronomical computations were made determining 
the chief iK)ints in his itinerary, was chiefly drawn by Fremont 
and Lieut. Scammon, l)oth of whom ha<l been assigned to that 
work for the assistance of Mr. Nicollet. 

1 1 is official superiors were planning larger things for Mr. Nicol- 
let, while his more intimate friends saw with sadness the grachial 
but persistent deca<lence of his health. His map wjus completed 
in 1841, and submitted to Congress. The Senate ordered itsi)ub- 
Hcation under the direction of the Topographical Bureau. It was 
to Ih* accompanied by a report embracing an account of the phys- 
ical geography of the countr}' represented, together with the most 
prominent features in the geology and mineral resources of other 
sections in the western part of the United States not embraced in 
the area of the map. Mr. Nicollet gave, in 1841, an account of 
his work, and of his plans, at the Philadelphia meeting of the 
Association of American Geologists and Naturalists, dwelling 
particularly on the geological -discoveries he had made. He was 
now at work uix)n his report. He had the collal)orative iissist- 
ance of Dr. Harlan, Dr. Torrey (in Botany) and to some extent 
of Messrs. Conrad and Vanuxem of the New York (Geological 
purvey, then recently instituted. But he wius greatly delay e<l by 
ill health. The more extended explorations which were l)eing 
plann(Hl for him had to be transferred to his principal aid, Lieut. Fre- 
mont, who. though then young, was ambitious, and withal cerUiinly 
lietter qualified physically, for carrying out the designs of the 
Government in western exploration. Ha<l Nicollet's health been 
e<[ual to the task it is likely that the great interior of the North 
American continent west of the Mississippi, would have been ex- 
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plored tliroiigh the lea(U'i*shii) of a Frenchman. an(i the eciut of 
French spirit and enterprise which characterized tlie early explora- 
tion of that iM)rtion east of the Mississippi, wonld have lH»en ex- 
tended nn broken to the Pacific shores. 

Mr. Nicollet, meantime, ^rew restless and repaired frecpiently 
to St. Marys collejje. Baltimore. He wits not in condition to re 
dnce to shape the materials for his report, which were varied and 
interesting, involvinjr mnch information concerning: the ahorijr- 
ines. Mr. Sihlev savs that he knows that Mr. Nicollet eon- 
tem|)lated. when his materials shonld he elal)orated. a work of 
several volumes, relatin<r to the jreoloiry, topoirraphy anci jxt*<»- 
<iraphical position of what is now Minnesota, and di.scussinjj 
many interestin*; topics connected withthe Indian tribes, and with 
the mound-builders. The only ))nblication which resulted from 
this mass of material, was that small volume which was printed 
by <»rder of the Senate, dated Feb. 10. 1S41, descriptive of his 
mai), and |)ublished in JS4!5. The short re|M)rt which acc*om- 
jianies the map was bein<f printed. He wius revising it, as it was 
returned to him for the pur|)ose. but he never saw its completion 
in jirinted shape. He died in the fall of 1S4*5. and the -^Intn)- 
<luction* was left incomplete. Col. AlK»rt. to wh<mi the rej)ort is 
addres.sed, ad<ls this explanatory note, dated Sept. Ii5. 18415: 

Thus far Mr. Nicollet had wr.itten of his iutroduetion, when death put 
an ♦*nd to his labors, and before he had been able to revise his report, 
which had been returned to him for that purpose, and also to add the 
astronomical observations upon which his calculations were founded. 
Tliese observations form parts of his journals which art* to be deposited 
in th<' Buieauof the Corps of Topographical Engineers. 

Lieut. Warren speaks of having consulted these journals in 
IS.')", when compiling a genenil map of the western territories 
for the Pacific Uailro!i#l surveys. He distinguishes the map of 
Nicollet, which is now a very rare and valuable di>cument, as 
••one of the greatest contributions ever made to American geog* 
ra[)hy. 

Nicollet was rather an astronomer and geographer than a geohi- 
gist. yet he ma(U' (then) important contributions to the small fund 
i)f gtndogical knowledge which was jM)ssessed of the Northwest, 
ami he laid out in the form of his general nnip, a basis for future 
g<M)h>gical examination better than any enjoyed by the central and 
.southern stat(»s of the Mississippi basin. His map and short ex- 
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planatorv report also nerve as an invaluable perpetuating; link, 
preserving with great accuracy, many alx)riginal geographic de- 
tails and uniting early French exjiloration with recent known data 
through the agency of an appreciative and accomplished French 
scientist. 

When he last left the Northwest, after spending several weeks 
with general Sibley, at Mendotji, he made his way, in the fall of 
18IJiK to Bedford, Pa., to the home of his friends, major and 
Mrs. Taliaferro, where he remained through the winter, and 
where he was so feeble that he had to be carefully nurscnl and 
treated with the best medical attendance. It was doubtless dur- 
ing this visit that was made the small ivory painting, which has 
furnished the basis for the ix)rtrait which accompanies this paper. 
Two photograph copies (vignette size) were presented to the Min- 
nesota Historical Society in lHr»T, by Maj. Taliaferro, ami are 
now [)re.served in its archives. Of one of these this iK>rtrait is 
an enlargement. The original has the following inscription on 
the revei*se side, in Maj. Taliaferro's own writing:* '• Photograph 
from painting on ivory of J. X. Nicollet, 183t>. Photographeil 
ISOT and presented to the Minn. Hist. Soc. by Lawrence Talia- 
ferro, Aug.. 18(;7. R. T. Gettys, Bedford, Pa." 

Of the last davs of Nicollet we know but little. There is no 
doubt, however, from the statements of Gen. Siblev, and the 
facts recorded by Gen. Fremont, that his fine physical fnime was 
over-taxe<l by the demands made \\\)0\\ it by the fiery spirit which 
animatiHl it. and which drove him through the hardships and toils 
of his frontier campaigns. The burden w Inch was upon his mind, 
again, arising from the lofty ideal he ha<l formed for the publica- 
tion of his scientific report to the (Jovernment, wore on him con- 
tinually, and as time passeil. and his nervousness did not dimin- 
ish, but rather increased, and the accomplishment of his purpose 
receded from him as the months wore awav, he became irrita- 
ble ami more and more prostrated. Al)out this time, also, ac- 
conling to (ien. Sibley, through the hostility which yet pursued 
him on the part of some of his old associates in business atTairs, 
he faileil of election to meml)ership in the Acivdemy of Sciences, 
at Paris, an honor which he covet wl. He had the support of 



♦This has beeu still further enlarged into a life-size oil painting, by 

Mr. B. S. Hayes, au artist of Minneapolis, and hangs in the office of the 
ifrrlter. 
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Lal^lace, but the opjK)sition of Arago, who was characterizetl l)V 
Laplace as the ''great elector of the Academy." This was a 
mortal blow and he faded away rapidly on learning of it, for he 
had been duly nominated by some of his scientific friends in 
Paris. 

1 fain would dwell on the beauties of such a character. It was 
an exotic plant, forcibly transferred from luxuriance to the com- 
parative desert and harshness of our northwestern frontier. It 
bloomed for a short time, disseminating unstintedly its fragrance 
on the surrounding atmosphere, but the colds and common ]>lasts 
of our unsuited social climate, though wholesome to the Ameri- 
can-bred spirit, were unfit to nourish his delicate constitution, and 
he drooped, faded and disappeared, leaving to us a remembrance 
of a bright soul, a gleam of a pure character, — a wearie<l fire-fly 
struggling in the tempest, a rose that wasteci its fragrance on the 
desert air. 



GENESIS OF IRON ORES BY ISOMORPHOUS AND 
PSEUDOMORPHOUS REPLACEMENT OF 

LIMESTONE, ETC. 

By Jaxeh I*. Kimball, WHshiii^jtoii, I). ('. 
(Continued from the Amerimn JourmiJ of Sttetire^ Vol. xiir. Sept , ISSH.) 

Progressive studies of stratiform iron-ores thn)Ughout the 
geologic series of stratified rocks, havele<i to a wide — almost uni- 
versal — acceptance of explanations of their development as 
products of chemical transmutations, or epigenesis. So far as 
based on unquestionable chemical reactions, these explanations 
<!ifTer mainly as to their application to given occurrences of iron- 
ores. What may be termed the replacement theory, has lH»en 
held during the hist decade to have a wide application, esp(»cially 
on this continent, to iron-ores on horizons of originally ferrifer- 
ous limestone and other calcari^ous material. However, the appli- 
cation of this thiH>rv mav be restricted fn)ni considerations of 
svnchronous, or immediatelv successive, accumulations of the 
two kinds of material — calcareous and ferrifenius, it will ob- 
viously \m} much the wider if it may be believed that n*placing 
salts of iron are often from extraneous sources, and that the prr)- 
cess of replacement or chemical interchange is through circum- 
stances of atmospheric an<l toi)ographic, as well as stratigraphic 
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or litholopic, environment. This I have endetivoreii to show in a 
recent memoir. By way of continuation of that memoir 1 proceed 
to instance a number of examples ilUistrating the general jx)ints 
under discussion. 

/. Iron On's of thv, Suh-varhonlfvYous Linieatouc of vnatera 

Kentucky. 

Pseudomoqjhous replacement of Suh-carlK)niferous limestone 
by reddish brown limonite was recognized by Shaler as the mode 
of occurrence and genesis of well-known developments in eastern 
Kentucky.* The source of iron salts is referred to overlying 
coal-measures, all more or less pyritous, and mainly consisting of 
siliciM^us sediments. Replacement has taken place uncNjually, 
apparently as circumstances of environment have varied. This 
has proceeded from without inward, that is, from aljove down- 
wanl. Cross-fissures and anfractuosities throughout the mass 
attest contraction. The degree of chemical replacement of 
limestone is in measure of vertical sections of ore-<lei)osits. 
These often rise alK)ve the general level of the top of the lime- 
stone, owing to comparatively even shrinkage or chemical erosion 
of the limestone thnnigh solvent infiltrations. 

Occasion will Ik* taken to refer to similar occurrences in Ohio 
on the same horizon. 

//. Ri'pl tier men t of coral -rork (limestone)^ Cttha. 

In tracing the genesis of some very remarkable isolated Inxlies 
of mixed brown and rtni hematite (turgite) occurring on the south 
coast of the eastern i>eninsula of Cuba, T descril)ed them in the 
ye4ir 1HS4 as replacements of limestone in the form of elevated 
and disrupte<l coral-reef, or only partially indurated coralline 
limestone, t The replacinl miwsses of limestone still retain sur- 
faces characteristic of planes of fracture such as may l>e ob- 
served in costal cliffs of emerginl conU-reef. Indistinct casts of 
corallum partially transformed into hematite are occasionally 
found, the cells iKMng filled with chlorite. The condition of form, 
therefore, almost indispensable to pr<M)f of pseudomorphous re- 
placement, is not altogether wanting. 

Some idea of the importance of the scale on which replace- 
ment in this instance has been effected mav be formed from the 
fact that the ore-lK)dies referred to suppliinl during the year 189i», 
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not less than 8()2,(M)S tons of iron-ori\ the product of a single 
operation, that, namely, of the Juragua Iron Company. This 
product was over one-quarter of the total imports of iron-ores in 
the United States for the same period. 

The same examples of molecular replacement on a grand or 
l)etrographic scale will .serve to illustrate dependence of this nuxle 
of e|>igenesis on circumstances of environment. These are seen 
to have been [)articularly favorable, as was also the extreme 
porosity or permeability of the original coralline material. Suftice 
it to mention (1 ) envelopment of masses of this material with 
basic eruptive diorite, rich in iron silicates: and (*J) climatic con- 
ditions sjHH'ially conducive to secuhir weathering of sui)erticial 

rocks. 

Some of the iron-or(» bodies exhibit concentric structure, a re- 
suit of progressive weathering — the same as exfoliation on a 
smaller scale — easily mistaken for quaijuaversal dips. Numei^ous 
shrinkage fractures due to contraction incidental to alteration, as 
well as larger manifestations of mechanical fracture, are fillet! 
out with chloritic nniterial from decay of the dioritic magma and 
detritus. Thus masses of iron-ore are reticulated with bands of 

chlorite. 

lnci<lental U^ secular decay of the mantle of diorite enveloping 

masses of limestone, chemical interchange or double decom|X)si- 
tion was etfected between fixed calcic carbonate and dissolvtni iron- 
salts. Ferrous carlM)nate, directly pa.ssing into ferric hydrate. 
wa>i left behind, and lime .salts were dissipated. The partial de- 
hydration of ferric hydrate into ferric oxide (turgite), the pn>duct 
of further alteration, mav, as shown bv Davies and llcKlman. 
proceed from only slight elevation of temperature.* There is no 
evidence, however, that these ore-lMxlies have l»een deeply burieti. 
Indirect replacement in this in.stance has therefore lwH»n umler 
exposure to an oxidizing atmosphere. 

The metasonnitic development of the iron-ores at the base of 
the Sierra Maestra dates from an era no more remote than the 
Cenozoic. when this coast range was added to the island of Cuba. 

///. liiphnvimnt f>/' (^nrhonifenms and Sifnritm LuHt'stonrg^ 

(Vtfnntffo. 
Mr. S. F. Kmmons has shown extensive replacement of liower 

('arlK)niferous and Silurian limestones to have resulted in oocur- 
*Jour. Vhcut. Sor. ir, iv,69. 



Fences of iron-ore, a mixture of hematiUMmd magnetite, in BreiK'e 
Hill, and of limonite as well as a more or less ferriferous gangue 
of epigenie silver ores at Leadville, Colorado. Here transmuta- 
tion has lK>en effected betwec^i limestone or dolomitic material 
and iron sulphates through ac^ueous infiltrations from adjacent 
intrusive porphyry. In the decay of the jx)rphyrv is involved 
vitriolization of p^'rite, contained in this rock up to four per cent. 
The process of deposition of silver-ores as well iis of ferriferous 
material, as concluded by Kmmons, --wius a metasomatic inter- 
change with the material in which they were deposited. ' That 
is, • *the material of which they were comjwstHl was not a de|K>sit 
in a pre-existing cavity in the rock* (limestone) but -'the solu- 
tions which carried them gradually dissolved out the original 
HK'k material and left the ore or vein material in its place. ** 

Occurrences of limonite near Hot Springs, (V>lora<lo, as de- 
scrilied b}' Mr. C M. R^Uker, also affonl striking examples of 
replacement of limestone.! 

71'. Keplamn4'nt of tapper *Si7un'nti ((lint(fii) IjumHtoius. 

Parts of thin fossiliferous limestones of the Clinton group of 
strata are often replaced by red and brown ferric oxides from 
extraniM)us sources. In the Appalachians of southern Pennsyl- 
vania, for example, when* I have long had opportunity of closely 
ol>serving the mode of occurrence of these ores, especially in 
flanks of Tussey. Dunning's and Will's mountains, fossil-ores, so- 
called, rarely oolitic, occupy the weathered zone of highly fos- 
siliferous IkmIs of lime.st<me intercalated with shales ami sand- 
stones. This replacement has been wrought especially in steep 
dips by infiltrations from drainage of adjactMit ferruginous strata, 
particularly of an inferior.series outcropping topographically higher 
in the fianks of these parallel wall-like ridges. At or near water 
level or drainage level, and in toj>ographical positions unfavor- 
able to weathering action, or to .sources of infiltrations, replace- 
ment has lK»en found to cease. Super-satunition as at water-level, 
antl inipenetration of solutions from toiH)graphical causes are 
e(jually unfavorable for this process. 

In portions of limestone beds lM>rdering ravines down the 
mountain-Nide. dissolution of limestone sometimes has failcMl 
alM»ve immediate tlrainage level to Ik* attended with replacement 

*r. S. (;e<.l. .Surv. XII, lH«t5, Pt. -2, 378, 540. 
tTrans. Am. lust. Min. Eng., IsSo, xiv, t^6«. 
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of ferric oxide. Yet in such circumstances the limestone has 
given wa}' to the dissolving action of passing waters, leached 
insoluble residues retaining its original structure, as well as 
moulds of fossils, occupN'ing its place along with creepings from 
adjacent strata. Here transmission of seepage water has provini 
too rapid for other than solvent or destructive action to have Ih»- 
come sensible. 

Another local circumstance is also deserving of mention. It 
is this. Opposed to a rapid transmission of infiltrations in water- 
sheds between successive cross-ravines is a barrier known as Re<i 
Ridge. Constituted of a compact series of arenaceous argillite. 
this is locally developed at the top of the Surgent shales, and 
stratigraphically above, but topographically in front of, the plane 
of the ore-limestone. Near where this barrier is scored by cross- 
ravines, underground as well as superficial drainage has l)ei'ome 
accelerated. Preservation of Red Ridge from local erosion has 
therefore come to be regarded in Bedford and Huntingdon coun- 
ties. Pennsylvania, as indispensable to a favorable development 
of the fossil -ore bed back of it, or to the absence of "wants.'" 
Of these the distribution and extent are thus mainlv detcrmine<i 
by conditions of underground drainage as affected mostly by 
topographical features. Gentle dips under steep slopes are for 
obvious reasons inconducive to infiltration. 

The al)ove remarks directly apply to the more or less hydrous 
fossil-ores of the Appalachian ridges in southern Penns^'lvania, 
jis distinguished from oolitic hematites, or dyestone ores, like- 
wise developed in favorable circumstances on lower horizons of 
thin crinoidal limestones within compass of the Clinton or Sur- 
gent formations. Botli types of ores, and often l)oth series of 
developments, arc generally referred to indifferently as Clinton 
fossil-ores. The stratigraphical relations between these two series 
of developments, even where lK)th may be recognized in a single 
ridge or section, are extremely variable. In southern Pennsyl- 
vania, where the Clinton shales attain a thickness of nearlv 1.200 
feet, the fossil-ore bed is about 400 feet alK>ve the horizon of the 
Frankstown oolitic or dyestone ore, which in turn is about 300 
feet above that of the block-ore, so-called. All of these ores owe 
their development, as I believe, exclusively to secular replace- 
ment of elevate<i parts of these limestones — not, as sometimes 
explained, to direct sedimentation in whole or in part. For 
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wherever oolitic iron-ores are developed within the CMinton series, 
the}' are found to graduate into non- ferriferous limestones, more 
or k»ss erinoidal, and usuall}' in circumstances onl}' moderately 
favorable to weathering action. An e<iually significant fact is the 
absence of valuable iron-ores where the Clinton limestone, as in 
southern Ohio, is massive and unaccompanied by a considerable 
thickness of overlying shales. Wherever, on the other hand, the 
limestone occurs in numerous thin beds, and so alternates with 
more or less ferruginous shales; or again, wherever overtopped 
by shales, it seldom fails, especially in steep dips, to graduate 
unec[ually into oolitic hematite by replacement. Kven in Ohio, 
where the Clinton group is represented b}- a single but compara- 
tively' thick limestone member under gentle dips, the upper iK)r- 
tion of the limestone is sometimes replaced b}' hematite,* though 
of no economic importance. Imperfect replacement likewise 
occurs where the limestone becomes shaly and expands in thick- 
ness. 

Non -ferriferous Clintcm limestones, more or less magnesian, 
into which their associated in)n-ores gniduate, may be sissumed 
to have been deposited in clear and moderately deep continental 
seas. That these seas were ramified bv all but insulated land- 
.surfaces is indicated bv the abundance of intercalated siliceous 
.sediments from sub-aerial rock-decay. It is sometimes held that 
these limestones, and at least the fmlitic hematites developed upon 
the same horizons and passing into each other, were necessaril}' 
<le[X)sited together. Vet direct ferric precipitation from ex- 
tremelv insUible natural solutions of ferrous salts cannot well be 
Wlieved to have taken place so far from inland sources as where 
conditions existed favorable to the accumulation of non-siliceous 
and expansive limestones. 

Again, notwithstanding the fact that the Clinton iron-ores merge 
into pure marine limestones, have they, on the other hand, sometimes 
been assume<l to afford proof of wide-spread marshes. A theory of 
this kind, however, is likewise opposed by the necessity of at- 
tributing expansive limestones of the Clinton type to mid-sea, 
and inferentially deep-sea, de|)osition. And the objection still 
stands that fen*ic hyilrate in suspension, no more than ferrous 
salts in solution, can have materiallv contributed to marine non- 
siliceous limestones. The conclusion therefore seems justified 

♦Oeol. Sur\'. of Ohio, vi, 12. 



thiit wlijitever eoiisiderabk* proportion of ferriferous material was 
deposited within compass of the Clinton limestones, was alter- 
natc^ly deposited in the form of si Heinous sediments reprt^senteil 
1)}' intercalations of shale. Such intercalations are common in 
Pennsylvania and Virginia. A less theoretical objection rests on 
the fact that the distribution of the Clinton iron-ores clearlv de- 
pends on secondary, and wholly adventitious, conditions conm^ctetl 
with topography and environment.* 

The application to the Clinton in)n-ori»s of the views discusseii 
in the continued and present memoir, falls in with the conclusion 
of Mr. Aug. F. Foerste, pulilished since the al)ove was written, t 
Microscopic sections of (Minton, dyestone oolitic iron-ores from 
Pennsylvania, Ueorgia, and Ohio reveal, according to Mr. Foerste, 
all stages of replacement of calcic carlK>nate, lK)th cement and 
oolitic granules, by ferric oxide, the granules being fragments of 
Clinton sj)ecies of water- worn bryozoans. ''In no case, however, 
wjis an^'thing notictni leading to the opinion that concretionary 
segregation of iron had taken place either around the bryozoan 
fragments or otherwise. Simple replacement of in)n-ore was 
the rule, the attack l)t»ing made first on the exterior [)arts of the 
grains." According to the same observer similar occurrences are 
found througlumt the (Minton belt wherever oolitic iron-ores are 
developed. 

V. Rvphivrmmt of (^irhiHiiferons Jjimestoius. 

I'lKin any theory of epigenesis of siderite. spluenisiderite. and 
sideritic limestone, their greater distribution would seem to 1h» 
natural under conditions for their i)reservatiou unaltertHl. such as 
nmy be recognizcnl in environnuMits where atmospheric air is dis- 
placed by mixtures of hvdr<)-carlM)n teases and carlM)nic anhydride, 
as in formations of the Carboniferous |)eriod. 

The so-called upper limestone-ore in eastern Kentucky, is. like 
the Sub-carbonifen)us or lower liniestoii<»-ore of the same region, 
described by Shaler, a product of alteration of pseudomorphous 
siderite after limestone. This is a replacement of upper [»arts 
of the Ferriferous limestone diyiding the Lower Coal Measures, 
and co-extensive with the same division of strata in western 
Pennsylvania, West Virjrinia. eastern Kentucky and .southern 
Ohio, where although known under a common designation, it is 

*S#**» Cut. by W. M. (niauvenet, Ht»port Tentli Consua .\v, 1880, 396. 
+Ain. Jour, of Sc. XM, IHIH, 2S. 
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also .sometimes otherwise identified. According to Orton, tl»is is 
the Gray lime.stone of Newlwrry, the Putnam Hill limestone of 
Andrews, the Ferriferous limestone of the sume author, and the 
Gray and Hanging- Rock limestone of Orton. The iron-ore, with 
which pails of this limestone arc replaced, lM)th in the form of 
siderite and of its altered product, is identified with t\w Clarion 
ore and Huhrstone ore of western Pennsylvania, the Baird ore of 
the Hocking Valley, the Limestcjne-ore of southern Ohio and the 
Upper limestone-ore of north-eastern Kentuck}*. Over 2U(> 
bhist- furnaces in these regions have drawn a supply of iron-ores 
from this particular horizon.* The average thickness of the re- 
placements in southern Ohio is, according to Orton, alK>ut 10 
inches, and further to the north alniut S inches, though said by 
Hunt to he often two or three times these averagi^, as in Vinton 
County, t 

Superior portions of the Tpper and Lower Freejmrt lime- 
8t4)nes of the Lower C^ml Measures are likewise commoidy re- 
placed with siderite. This passes by altenition into limonite, 
sometimes in the form of c<mcretionarv blocks or nodules from 
exfoliation or weathering of prismatic blocks, separateil by con- 
traction due to chemical transformation. Sevenil horizcms of 
sideritic linu»stone are identifier! in the same series in Pennsyl- 
vania, West Mrginia and >Iarylan<l, more or less distinctly 
graduating into non- ferriferous limestone. Amimg similar occur- 
rences in the Lower Barren measures is tlu^ Johnstown siderite 
or ferro-calcite, identified with the Mahoning sandstone grou[). 

Mr. Bayard T. Putnam, referring generally to the limonites of 
the Coal Pleasures of Peiuisylvania, remarks that they occur 
ahmg tlui outcrops of limestone-beds, and are in general simply 
the weathered outcrops of seams of carUinate-ore. + 

AlM>ve the horizon of the Sub-carl)oniferous limestone in Ohio, 
which has been .shown to be replactnl in part with siderite or its 
drivatives, that is. between this horizon and that of the Ferri- 
ferous limestone, several limestones of the Ct)nglomerate series 
are likewise apt to be replaced with siderite in a more or less 
altered statt*. Such occurrences are notably the Zoar or Blue 



♦Orton, Hev. of Stratigraphical Geol. of eastern Ohio, Columbus, 
1880, 21). 
tMin. Res. of the Hocking Valley, Boston, 1881, 44. 
jr. S. Census, 1886, xv. 202. 
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limestone of Newberry, and the overl^'ing Gore limestone of 
the Hocking Valley — l)oth members of the Mercer group of 
strata. 

Many well known horizons of siderite in Pennsylvania and 
lK>rdering States have been described by Stevenson. The Mount 
Savage ore-group of the Conglomerate series is worthy of men- 
tion.* One plate or more of siderite occurs in the Mauch Chunk 
red shale. In many places local lenticular stratiform plates of 
siderite extend for a few hundreds to a few thousands of feet 
with a thickness up to four feet. In the Vespertine of Green- 
brier Co. , of Virginia, an occurrence of this kind has l)een de- 
scribed by Rogers, and more recently by Mr. W. N. Page.t 
Comparatively thin, lenticular or stratiform developments of this 
<lescription may be assumed to be complete replacements of non- 
persistent limestones of estuarine origin. 

Incomplete replacements of Carbonifenius and Sub-carl)on- 
iferous limestones of the Appalachians are, on the other hand, 
devoid of terminal edges, or other well defintnl demarcations such 
us appertain to lenticular l)eds conformable to the configuration 
of hydn>graphic basins. They are thus perceive<l to In* wanting 
in characteristics of sedimentary or metamorphic deposits. 
This obviously would not be the case, if these developments were 
primarily due to mechanical or chemical deposition in the natural 
order of succession of beds bv which thev are enclosed. That 
they do not occupy pre-existing cavities pn)duced b}* mechanical 
or chemical erosion is likewise certain from the fact that thev 

• 

sometimes merge into limestone. That they are not crA'stalline, 
or characterized by other [)henomena of segregation, is conclu- 
sive negative evidence of some other origin. Thus, there seems 
to Ik? no alternative but to consider these developments due to 
molecular replacement of linicHtoue. of which mo<le of origin 
indeed there is no lack of positive and direct proof. Hence, in- 
<Uictively, again the conclusion that complete or strictly pseudo- 
morphous replacement of limestone has been wrought in the case 
of stratiform developments of siderite and its derivatives, the 
iron-ores still retaining perhaps physical featun^s of the original 
limt»stone in common with stratified dej)08its. 



♦Second Geol. Survev of Penn. KK. 

fTraus. Am. Inst. Min. Eng. 1888, E.xtract, p. 4. 
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lY. Limonites {and crystalline iron-ores) of the Loictr Silurian 

limestones. 

That epigenic relations of some sort subsistbetween the Hmon- 
ites and the Lower Silurian limestones with which they are asso- 
•ciated throughout the Appalachian valleys, was distinctly pointe<l 
out by W. B. Rogers over half a centur}* ago. Their relation 
with ferruginous shales and sandstones alternating with the lime- 
stones is almost equally intimate. Not only was the epigenic or 
secondary origin of these limonites recognizeti by Rogers, but 
their mode of occurrence, that is — not as consecutive memlwrs of 
formations between which they outcrop and often appear to be 
imbedded, but as irregular accumulations comparatively shallow or 
-altogether superficial. Sometimes lining, so as to occupy, 
«nlarge<l fissures of stratification for a limittnl extent, they 
jire still liable to 1k» mistaken for regular or l>edded depos- 
its. Others, occupying in like manner enlarge<l fissures of 
-cleavage or jointing in limestone, are sometimes assume<l to l>e 
of the nature of segregations or mineral lodes. But their 
most common occurrence is in what is often descril)ed as super- 
ficial basins or other depressions on imperfectly drained sur- 
faces and slopes upon a limestone floor, in pn)ximit3' to lime 
iitone, or within compass of its extended lines. This superficial 
■association of limonite with the Silurian limestones themselves is 
:8ometimes considered to be simply owing to the cavernous condi- 
tion of limestone, and to its liability to unequal erosion; whence 
the occurrence of local depressions, or sink-holes produced by 
subsidence, which .have eventually l)ecome repositories of iron- 
ores from purely adventitious precipitation of ferric hydrate 
from passing waters. Pre-existing caves and crevices are like- 
wise assumed to be so filled out with this deposit, or even by 
mechanical accumulations or • -in- washes' of f e rrif en ms material.* 

To the general, or even a wide, application of such a view to the 
occurrence of important deposits of iron-ore^ serious objecti<ms 
are opposed. First, caves and cavities of this kind have lieen 
produced by solvent action of circulating water. Second, what- 
ever insoluble products, including ferric hydnite, are separated 
from moving wat(»rs remain in suspension and finally escape. 
Third, possession of superficial depressions by detritus, calc- 
«chutt, etc.. prevents them from lK*coming open receptacles of 

♦Newberry; School of Mines Quarterly, Nov. 1880, Reprint p. 16. 
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unmixed ehemiciil piveipitntes. Displactunont of dotritiis must 
tlioreforo pree(Mle separate deposition of homogeneous materiul, 
except by molecular replacement of limestone surfaces, calcar- 
eous detritus and calc-schutt. Physical displacement happens, if 
at all, by means of torrents, from which again no chemical 
de|)osition takes place except possibly by replacement, or at least 
only for a time. Important deix)sits of limonite free fn>m de- 
trital admixture, even of clay, ordinarily, at least preclude an 
explanation of their mechanical accumulation in pre-existing 
cayities. 

Yet it is true that among the great variety of circumsUinces of 
environment and topography in which development of limonite has 
taken place on horizons of Lower Silurian limestones, instances 
there are where caves, cavities and eidarged crevices, cmce chan- 
nels of rapid transmission of waters, have eventually l>een ob- 
structed by falls of rock or otherwise, and. so cut off fn>m 
drainage, have tinally become ([uiescent reservoirs of mineral 
waters. In this way vacant spaces in calcareous IhmIs rauy in 
some instances have liecome rejiositories of uninU»rru[)ted dep<^>si- 
tion of ferri(» hydrate either by precipitation, or by indirect re- 
placement of limestone surfaces or calcarc»ous contents. Limon- 
ite as sometimes occurring, and bearing evidence of having 
probably been formed in this way, has proved not uncommonly 
more enduring than the linuvstone itself, the dt^tructive en>sion 
of which it has survived in the form of outlying masses. 

Onlinarv accumulations of limonite thrown down in caverns, 
sink-holes and (»ther depressions along with detritus, within the 
limestone ore-belt of Pennsylvania, have be<»n well charactt*rize<l 
by Mr. d'liivilliers. * Some of the obstacles in the way of a Ik*- 
li(»f that pre-existing cavities often atford lodgement to imjHirt- 
ant ore-deposits have been aptly stated by Kmmons. t 

rnaltered siilente in irregular shaped masses, sometimes cx*- 
curs in the midst of limonite in ore-banks uimhi horizons of the 
jiower Silurian limestones as in Columbia and Dutchess countit*s, 
X. Y. : at Richmond and West Stockbridge, Mass., and at a few 
l)oints in Pennsylvania and Yirginia. These occurrenct*8 af- 
ford whatever grounds be found for a the<jry of original 
deposition of concentrated ferrous carlninate, intermittent, that 

♦Second Geol. Surv. of Penn. An. Rep. 1HH(J, iv, p. 418. 
tTrans. Am. Inst. Min. Kug., 1880, Ex. p. 5. 
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is, and even coueurrent with sedimentation of the material of 
these massive limestone formations. Any change of sedimenta- 
tion, such as contemplated in this theory, even if chemically 
supi)osable, would have resulted in lenticular configuration of 
siderite, or of its derivatives, a feature as alK>ve pointed out, 
probably possessed by siderite only in the case of complete or 
pseudomorphous replacements of lenses of limestone. 

I have, in a previous paper, described lenticular occurrences of 
siderite at Burden, Columbia countv. N. Y., on the horizon of a 
thin non-persistent and probably estuarine Lower Silurian lime- 
stone. * Whatever theory be entertained of their epigenesis, this 
must be perceived to be closely connected with overlying chustic 
ferruginous accumulations, the whole series occupying in-shore 
depressions in an undulating l>ottom overspread with calcar(»ous 
material. In the paper referred to. these basin-like deix)sits, 
which in point of identification with Silurian memliers, are. I be- 
lieve, so far as known without parallel in this country, were sub- 
stantially explained as probably instances of jt/ti/siaii replace- 
ment of limciitone by feiTiferous accumulations, graduating up- 
wards into ferro-calcareous grits. The transgressive character of 
these grits appears from the fact that their development is limited 
to the basins themselves. Their thickness in anv jjjiven vertical 
section is proportional to the thickncvss of the ore. The grit>i as 
well as the siderite are distinctlv lenticular. The siderite was 
considered as a metamorphic product from reduction of ferric 
hydrate in reaction with commingled organic matter. 

Having since come to the conclusion, through a critical exami- 
nation, in another place followed out. of the several theories of 
epigenesis of siderite to be found in treatises and text-b<M)ks, that 
all are at variance with chemical observations, or op|K>sed by objec- 
tions on physiographic grounds, I am now forced to believe that 
these interesting occurrences re<|uire a different explanation. They 
seem, indeed, to present no exception to the explanation of epi- 
genesis of siderite by chemical replacement of alkaline mono- 
carlM)nates, but on the contrary to atford striking examples 
of complete or pseudomorphous replacement of limestone 
IkhIs. 

Indirect replacement of limestone (11) by limonite at the Ilurst 
oi*e-bank, Wythe Co., Xix.. has been gniphically described by 

♦Am. Jour, of Sc. xl, 1S90, IV). 
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Mr. Benton.* A useful section of six feet by this observer show» 
beneath the soil (1) limestone, with crevices filled with limonite; 
(2) limestone softened and decomposed, with crevices containing^ 
more limonite than No. 1 ; (3) meshwork of limonite almost com- 
pletely replacing the limestone, and including residual ochre and 
fine sand ; (4) complete replacement of limestone by honeycomb 
ore. Reticulation of limestone by limonite is seen to be pro- 
gressive downwards until no remnants of limestone are left except 
in the form of insoluble residues occupying dmses. These aflTord 
some measure of the contraction incidental to replacement. 

Another striking example of the same kind given by Prof. 
Dana, has l>een referred to in the memoir, of which the pr^tent 
pages are by way of continuation, namely, in the Cone ore-bank 
at West Stockbridge, Mass.t Its description liv this observer is. 
as follows: 

"Sevenil layers had l^ecome wholly replaced by pure limonite. 
and one of these so changed was a yard thick. Some surfaces^ 
of the limestone were iutersecte<l by cracks, making areas threes 
to six inches across, as represente<l in the figure; each crack hav- 
ing a lM>rder of limonite either side, an inch or so wide. *'t 

The same authority is cited by Mr. Prime for direct replace- 
ment of limestone by siderite ultimately weathered to limonite. 
namely, at Richmond, Mass. S This occurrence, like others ob- 
serve<l by Prime at Balliet's ore- bank near Allentown, Pa., antl in 
another ore-bank near llellertown, both in close relation to the 
(^ilciferous limestone and schists, is, as concluded by him, an in- 
stance of -alteration of the limestone to carlM)nate of iron parti- 
cle by particle, or so to term it. a pseudomorph by replacement." 
The same writer attributes the limonites of the Calciferous lime- 
stone and schists in a general way, to alteration of ferrous car- 
bonate proiluc(»d by reaction of ferrous sulphate with calcic car- 
lK>nate, Ijoth diffused and ma.ssive. 

Remnants of notably pyritous material have been observeil in 
many of the limonite workings of the (irec»n mountain heXi of 
liower Silurian limestones and their southern extension, especially 

*Kep. Tenth Census xv, 188«, 275. 

tSee Am. Jour, of Sc. xlii, 1891, p. 234. 

JAm Jour, of Sc. xiv, 1877, 18(). Several excellent cuts illustrating: 
the transition of' limestone into iron-ores have been given by Mr. 
Chauvenet, Rep. Tenth Census xv, 1880, 292, 296, 297, 299. 

§Ani. Jour. Sc. ix, 1875, 140. 
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in intercalated or adjacent schists. Numerous analyses by the 
Second Geological Survey of Pennsylvania indicate the presence 
of sulphur in almost all of the ores of the same belt in that 
State. The dissemination of visible pyrite throughout unde- 
composed parts of both limestone and schists is also noteworthy. 
This seems to be in about the same minute proportion that fer- 
rous carl)onate is often similarly represented. The epigenesis of 
the latter is probably from pyrite. But hitherto the most remark- 
able evidence of pyritous material in the development of limon- 
ites asso(»iated with the same limestone series has been found in 
Alabama. In that region concentrically weathered or foliated 
masses of limonite isolated on the hill-tops by erosion of enclos- 
ing clay, the residuum of decomposeil schists, sometimes retain 
nuclei or cores of undeconiposed and highly pyritous rock. Cen- 
tral portions of other masses of limonite consist of siderite. 
Hence the not uncommon occurrence in limonite workings in 
limestone of ribs, masses and nuclei of siderite, ferro-calcite or 
limestone, fnim incomplete replacement, or incomplete subse((uent 
alteration. Hence also similar occurrences of pyritous residuums 
in limonite developments in adjacent or transition schists. 

In given instances, be the mode of replacement of limestone 
by fermus carljonate what it may, whether from styptic or chaly- 
bic solutions, or whether originally or eventually introduced into 
Siluro-Cambrian limestones, in the lower member of wliich series 
(Calciferous) limonites have been so extensively brought U) light 
in Appalachian valleys, there seems much reason to conclude, 
as sometimes held, that in the course of chemical erosion of the 
limestone and of decav of related schists, very considerable 
accumulations of residual limonite have resulted from alteration 
of ditfused ferrous carbonate or pyrite, not exceeding two and one- 
half j)er cent., to stable ferric hydrate. Parts of the same 
series exposed to weathering or erosive action, and commonly 
l)elow the full thickness, seem, in certain instances at least, to 
Ijear some proportion to the thickness of related accumulations 
of limonite. That is, the vertical range of the residual limonite 
seems to be in proj)ortion to the thickness of limestone eroded, or 
rather to the measure of its shrinkage. Vet along with the es- 
cape of dissolved lime and umgnesia salts in m:»:isure of chemi- 
cal erosion, there is also dissipation of iron salts. 

According to Lesley, limonite or pipe-ore, so-calleil, has a 
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stratigraphic range in Hnntingilon County, Pennsylvania, near 
AVarrior's Mark, of at least 1,250 fei't. The whole thiekness of 
the Calciferous — Chazv — Trenton series of limestones to the l>ot- 
t<jm of the Hudson River group, there attaining its maximum de- 
velopment in that State, is estimatetl by the same authority at 
7,7r)0 feet. A thiekness of (i.OOO feet of this series, as esti- 
mated bv Prof. A. L. Ewinsr. has hL»en removed from the Nit- 
tanv Vallev antielinorium to form that vallev, or at least l,i>OU 
feet in vertical range, mainly by (»heniieal erosion.* 

McCreath's antilyses have shown ferrous earbonate up to 2.i per 
cent, to b;» widely distributed in liower Silurian limestones. The 
<|Ue.stion arises when this was introdueed — whether before <le|)osi- 
tion of sueeeeding schists or afterwards? 

That this anhydrous salt was not .directly <leposited seems on 
cluMuical grounds almost certain. Is it tluMi exclusively a product 
of replacement of calcic carbonate through solutions of iron 
salts from ( xtraneous sources, and introducetl subse(|uently to 
envelopment with ferro-siliceous sediments? Or, is it. in part at 
least, the product, practically in larn nrujlmiVi. of reactions bc- 
tweiMi calcic carbonate in phice and vitriolizing p:u*ticles of pyrite. 
originally retluced from ferrous sulphate in se.i-water through 
remnants <»f animal nritler in accumulalin^jr c.dcareous sands? 

The researches of Dr. A. A. dulii'U into variation of decom- 
position in the iron-pyrites series, led him to the con(*lusion that 
the original condition of iron sulphides along the Appala(*hian 
belt was that of pyrrhotite. To whatever degree, in that ea.se. 
this mineral mav have survive! sub-a'Mial rock-decav. and been 

• ft 

accumulated alon«jr with liower Silurian sediments, would it serve 
as an extremely productive sourci' of iron salts, through decom- 
position by carlMUiuted w.iters. incbnling alteration into marcasite 
and pyrite. 

Kven this initial transformation, as in<licatefl bv Hiscliof.t is 

ft' 

attiMuh'tl liv I'limination of 2.'). 54 per cent, of iron, and bv con- 
traction of volume not less than Wl percent, as estimated from 
rehitive densities. Hence promotion of permeability in the con- 
taininjjs rock through (b^velopmiMit of cavities. From surplus 
iron cxtracteil by carbonntel waters is doubtless developetl fer- 
rous carbonate, bv reaction with calcic carbonate, or else ferric 

'i.See (ieol. Surv., Pa. T^, pp. \'l'l, \l\, 4:>4. 
■rCa\eii(lish Kelt, ill, -!.">."». 



Genenifi of [ron-(>n'i<, — KlmhalL 367 

hydrate — as cleterminod by atmospheric environment. This re- 
action may be assumed to l)e common both to limestone and ad- 
jacent transition schists, and even less closely related siliceous 
schists. 

Iron sulphides, sometimes visible in sound Lower Silurian 
limestones, seem to be developed in about the same minute pro- 
l)ortion that ferrous carbonate is often revealed by analysis. 
Limonite developed by epigenesis on horizons of these limestones 
and of adjacent schists commonly affords traces of sulphur, as 
pointed out by Mr. Prime. Much larjrer proportions of iron sul- 
yihideare notably developed in the schists. 

Tt mav therefore be concluded that both immediate and ex- 
tnineous sources have contributed to fixation of ferrous carlK)n- 
ate as now found in parts of these limestones and associated 
schists: and that iron was received l>y these sediments in a car- 
lM)nated atmosphere before or during their consolidation as well 
as afterwards. 

This conclusion seems to be in line with Dana's* numerous ob- 
servations in western New Knghuul and eastern New York, as well 
as with those of the Second (nM)logical Survey of Pennsylvania, 
and to fall in with certain jjeneral deiluctions of Mr. Primet and 
of Dr. Julien.t 

Besides limestoiu»s of the Siluro-Cambrian series, other lime- 
stones of the Silurian and Devonian periods give identification to 
occurrences of epigenic limonitic iron-ores. These are irregular 
shaped masses often described as lenticular (but in an opjK)site 
sense of that term as applied in this memoir) between limestone 
and adjacent ferruginous strata. Thus occupying liordering 
divisions of strata, they not infre(|uently assume to partial view- 
semblance of interstratified dep<»sits with which they have some- 
times been confounded. 

Such relations, however, point more or less distinctly to re- 
placement of calcareous material through essentially superficial 
agencies, ami to circumstances of attitude and environment 
favorabh* to epigenesis of limonite. These circumstances are 
ordinarily less obscure and complex than those which govern the 

♦Besides the several papers hy Prof. Dana already cited, touching the 
present subject, may especially be mentioned ooe on Berkshire (TeoTogy, 
(Berkshire Hist, and Sc. Soc, Pittsfield, 1880.) 

tAm. Journal of Sc. i.x, 1875, 432. 

JAn. New York Acad. Sc. Ill, 1HS<;, 893, 399. 
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distribution of accumulations of iron-ore connected with the lower 
series of limestones, mainly on account of the distinct configura- 
tion and undisturbed relations of the accumulations themselves. 

TV/. Ri'placfmxeut of Crystalline iron-ores. 

According to Lesley and d'Tnvillers the famous magnetite de- 
posits at Cornwall, Pennsylvania, like the developments of brown 
hematite on the same horizon throughout the Great Valley, were 
originally a formation of Lower Silurian magnesian limestone beds. 

"It may safely bo said," as remarked by these observers, 
"that the Cornwall ore-mass has experienced thn»e stages of 
deveh)pment; being originally a formation of lime-shales: then 
becoming a great brown liemaiito formation; and finally a mag- 
netic ore-formation."* 

The advanced metamorphism of the original ore-replacement 

from limonite, or perhaps from siderite, to magnetite, is a 

phenomenon which there is much reiuson to believe, is connected 

with local doleritic intrusions along the edge of the Pennsylvania 

Mesozoic, iis also in the case of other occurrences of nuignetite 

on the same horizon at Boyerstown, Dillsburg and elsewhere in the 

same State. 

Replacements of metamorphic limestone by other types of 

crystalline iron-ores have recentlv been observed V»v me in St. 

Lawrence County. N. V. Here the Calcifercjus limestone has 

« 

become crystalline, and its ore- replacements have become meta- 
morphosed into red hematites or anhydrous ores of the s|K»cular 
typi». At Pierrepont, highly cry.stalline specular ore, of splen- 
dent lustre, occurs in white nietaniorphic limestone of (^deif- 
en)us age. 

Taken in coniu»ction with my previous memoir on the prc»sent 
subject, the foregf)ing facts, here very briefiy considered, tend to 
prove that replacement of Paleozoic linu»stones, and other cal- 
careous material, including calcic carl)onate from decay of 
siliccM)us schists, has been wrought inditferently fn^m lK)th in- 
filtrating chalybic and styptic waters, through surrender in each 
case of a weak base like ferrous oxide for a strong base like lime. 
I have also sought to indicate some of the circumstances of at- 
mospheric environment, topography or vicissitude^s governing 
preservation, or — on the other hand — alteration of the product of 

♦An. Rep. of the Geol. Surv.of Penn., for 188."), I88r), p. 58». 
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direct replacement; and to attach what is conceiveil to l>e due 
significance and importance to such circumstances. 

Chemical replacement of limestone by ferrous carbonate, it is 
hardly necessary to remark in review, proceeds from surfaces of 
cleavage and stratification, wherever penetrated by infiltration of 
atmospheric waters from neighlwring permeable ferruginous rocks 
like schists and shales; or, again, from surfaces and interstices of 
rocks, wherever calcic carl)onate is produced by decomposition of 
silicates. Or, still again, solutions of lime and iron salts from 
one or the other source, give scope to similar and successive re- 
actions. Hence transmutatitms within compass of l)oth limestone 
and adjacent schists. Mixed detritus from l)oth kinds of strata, 
and overspreading considerable surfaces below the level of de- 
velopment or outcrops of such strata, also give place to like re- 
actions. Hence numerous shallow deposits of limonite at the 
base and on slopes of Appalachian ridges. Much of the ferric 
hydrate which appears due to tardy precipitation at considerable 
distance from sources of iron-salts is doubtless from indirect re- 
placement of limestone sehutt. 

YIIL Rrjf/ficffmf^tif iff Canihriaii LimvxtonvH. Lnkv Superior 

reyioii, and 3Iissottri. 

The notable occurriMices of crystalline iron-ores at Iron Mount- 
ain, Shepherd Mountain, and Pilot Knob in Missouri, within 
<levelopments of stratiform porphyritic petrosilex (hilllaflinta) 
was ascribed by Pumpelly, in the year 1872, to replacement of 
limestone.* Development of the i)etrosilex was also supix)se<l 
to have resulted from chemical processes of replacement. How- 
ever this ma\' be, it is not dilticult to imagine development of 
petn)silex from a siliceous limestone, or from a limestone inter- 
calated with siliceous matter, concurrenth' with replacement of 
the calcareous material by iron -ores. Developments of this kind 
may be regardeil as akin to the jaspery foliations of petrosilex 
along with crystalline ores in the Lake Superior region, the gene^^is 
of which by replacement of calcic carbonate has recentl}' been 
traced by other geologists. 

The relations of specular or hematite schists in the Lake Su- 
perior region to siderite, and the phenomena of its original de- 
velopment and distribution have recently been treate<l, first, by 

♦Geol. 8urv. of Missouri, 1873; Iron Ores, 26. 
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the lamented Prof. R. D. Irving, and later by Mr. I). H. Browne, 
and by Mr. C. R. Van Ilise.* 

The conclusions of the present memoir seem, as may Ik» 
claimed, to strengthen the probability that occurrences of siderite 
and ferro-calcite. like those described bv these authors as the im- 
mediate source of hematite in the Penokee-Gogebic range of Wis- 
consin and Michigan, are of the nature of chemical replacements 
of limestone, and calcareous shales and grits more or less car- 
bonaciM)us. Such developments are doubtless remnants of sider- 
itic material, of which the greater part has been further altennl 
into brown and red hematite successivelv. 

As indicated bv these writers themselves, from .solutions of 

ft' ' 

ferrous salts, replacement of calcareous material has been effected 
acconbng to local conditions determining circulation and inter- 
ception of these infiltrations. That this was once, or at least in 
part, direct, is shown by the development of siderite. Products 
of indirect replacement like ferric oxide proceed as in other in- 
stances either from spontaneous oxi<lation of the replacing carbon- 
ate, or from its tardv alteration. The part taken bv dvkes in the 

• A • ft. 

interception of <lrainage has particularly been shown by Van Hise. 
Replacement of limestone by siderite, and sub.seciuent altera- 
tion of this epigene product are opposite phenomena incidental to 
essentially different atmospheric environment. Carbonic anhy- 
dride, or reducing gases, or a mixture of both, wliich may be 
assumed to have prevailed concurrently with the first process, or 
rather wherever this was set ujj. eventually must have given wa}' 
to an ordinary oxidizing atmosphere. The association of car- 
lK)naciH)us strata sufficiently attests this point. 

FoKKhJN KXAMIM.KS OF RKl»L.\rK.MKNT OF IJMKSTONK BV 

m 

IRON-ORKS. 

I close the present memoir with a few brief illustrations of re- 
placement of limestone by iron-ores in well known and important 
developments in several parts of Europe. As such most of these 
have been distinctlv recognized. 

IX. Rt nhirnnent of C«irhoi(ifrnn(>t Jinnstoiic. Enqlund. 

X « ft • ft' 

The (\irlK)niferous or Mountain-limestone series of the north- 
ern and north-midland counties of Kngland. as in other parts of 
that island — especially in South Wales, consists of alternations of 

'^Am. Jour. Sc. .xxxn, IBSO, 255; xxxvii, 1889, :J2, 299. 
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thick limestones with thin shales and sandstones. The limestones 
are horizons of siderite and hematite, of which the larger de- 
velopments are irregularly distributed within compass of the cal- 
careous strata. Phillips* has given a selection of cuts which 
well serve to illustrate the phenomena of indirect replacement of 
limestone hy hematite through alterable ferrous carl)onate, as 
pointed out by Smyth, t and as attested by the presence of fossils, 
identical with those of the limestone, partially converted into 
brown oxide. 

A". Jit pfacrtiH'Ht of Mtsoztnv tlituHtoiien, Kntflmnf. 

Tlie iron-ore occupying horizons of estuarine limestone of the 
liower or Bath oolites at the top of the Upper Lias series in 
Northamptonshire abounds with shells and corals converted into 
ferric hydrate. As animal life could not possibly have existed in 
waters charged with iron salts to the degree apparently indicated 
by the ore. Mr. Samuel Sharp concludes that the iron must have 
betMi introduced l\y infiltration after the deposition of the seili- 
mentary material, t 

From a microscopic examination. Sorby concluded that Cleve- 
land ironstone of the Middle Lias of Yorkshire has lKH»n derive<l 
partly from mechanical dej>osition, and partly from subsecjuent 
chemical n»placement of originally deposited calcic carbonate, 
''which probably thus served to collect together from associated 
ferruginous non-calcareous beds a large partof the iron" contained 
in this ore. This is particularly provtMl by pseudomorphous 
siderite after aragonite penetrating molluscus shells originally 
com|>osed of that form of calcic carlK)nate. ^ 

Lower Liassic IhhIs of calcareous siderite or ferro-calcite (X'cur 
in North Lincolnshire ils upper members of a series of linu»stones 
and shales, and characterized by a great abundance of (Jri/ithatn 
(urtiatfi. The ore-series consists of alternations of unaltered 
ironstone with thin limestones, together aggregating, according 
to a section by Mr. (ieorge Dove, Ki feet in thickness. The ore, 
as described bv Mr. I). Adamson, is intercalated with ferriferous 

ft. 

limestone carrying from S to KJ per cent, of iron. || 

♦Ore-deposits, 1884, 164. ' 

tMemoirs Geol. Surv. of Gr. Britain, Parts riV% pp. 18, 19, 25. 
JAn. Jour. Geol. Soc. 1870, 376; Judd, Mem. Geol. Surv. Gr. Br., 1875, 
136. 
§An. Jour. Geol. Soc. 1879, 84. 
Jour. Iron and Steel Inst. 1876, 327. 
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Lower Cretaceous, Wealden or Middle Neocomian calcareous 
strata in the same county, give place to oolitic brown ironstone 
which is deseril)ed as highly fossiliferous as well as calcareous. 
The same strata are overlain conformably by the Lower Green - 
sand series of arenaceous shales, with which is imbedded lime- 
stone passing into ironstone.* 

XL RephtcemeiKt of Liassic limestone Luxemburg and Lorraine. 
The oolitic limonitesof Luxemburg and Lorraine, equivalent with 
the ores of the Cleveland district of Yorkshire, and of the samegen- 
• eral character, bear likewise evidence of replacement of limestone. 
Highly calcareous, as practically shown by their self-fluxing prop- 
erty, they contain remnants or nuclei of unaltered limestone, as 
well as numerous molluscus shells transformed into limonite.t 

AY/. Replaeement of Mesozoic limeMones, central France. 
Some very striking exhibitions of the class of phenomena 
which it is here sought to illustrate, are afforded on a large scale by 
well known deposits of limonite and hematite within the develop- 
ment of Jurassic and Cretaceous limestones in the ancient prov- 
ince of Berry, now included in the Department of the Cher, in 
central France. I refer to occurrences recently studied by M. 
de Grossouvre.t A graphic description by this engineer leaves 
scarcely room for doubt of the origin of these deposits by in- 
direct replacement. In the elaborate memoir now referred to, 
no attempt is made to trace the process of epigenesis beyond the 
action of solvent chalybic waters in excavation of limestone, and 
in deposition of ferric h^'drate in its place. So far from being 
the simplest statement of the process of indirect replacement, 
this explanation is upon the iissumption of chemical erosion of 
the limestone as a distinct act antecedent to precipitation of 
ferric hydrate, or, however insupposable, of anhydrous ferrous 
carbonate. Hence, as imagined, the formation of caves, cavi- 
ties, basins, etc. , in limestone, followed by the fllling of such 
receptacles with products of chemical precipitation. The same 
reasoning has often bet»n applied to similar occurrences in this 
countr}' and elsewhere. Reasons in general against such an 
assumption have already been given. The theory of molecular 

*Bauerman, Met. of iron, 1872, 91. 

tM. A. Habets, Jour. Iron & St. Inst. 1873, 285. 

tAQD. des Mines x, 1886, 811-416. 
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replacement precludes any such intermittent action on the part of 
a single agenc}'. 

XIII. Rejilacement of Tertiary Ltiiiestone. Hensc. 
Epigenesis of oolitic iron-ores in Tertiary limestone of Rhenish 
Hesse has substantially been described by Tecklenburg as re- 
placement of an oolitic limestone, the source of infiltrations of 
iron salts being an upper ferriferous limestone of the same 
series. * 

XIV. IlepJacenitnt of Pre-pahcozoic crystalline limestones^ Banat. 

Some striking examples of replacement of crystalline limestone 
at Russkberg (Banat) by siderite passing into hematite on the one 
hand, and into magnetite on the other, were in other terms de- 
scribed b}' Mr. Rafael Hofmann, in the year 1854.t 

Like the other more important iron -ore developments of the 
Carpathians, these are upon horizons of pre-palaeozoic lime- 
stones. X 



Among other well-known developments of siderite and its de- 
rivatives in continental Europe within limestone strata, suffice it 
in passing to mention those of Carinthia and Carniola; and not- 
ably those of the Styrian Erzberg near Eisenerz in Austria; also 
those of the Rhenish province of Coblentz and Siegen in Ger- 
many.^ 

Commonly regarded as epigene products, these have usually' 
been described by German authorities in various terms as SU5cke, || 
Lagerstiicke, GangsW^cke, and FlcUze, sometimes of direct deposi- 
tion successive in relation to enclosing stnita, sometimes as me- 
■chanical fillings or ^'in-washe4s" of pre-existing spaces; and, again, 
as chemical segregations. In most of the conspicuous instances 
named, circumstances of environment and topograph}' are such 
as to indicate more or less clearly molecular replacement of lime- 
stone or dolomite. 

M. Sibertz}', of the Geological Survey of Russia, considers cer- 

*Zeit8ch, Berg— Uatten— und Salinen Wesen xxix 1881, 210. 

tGangstudien, II, 408. 

iVon Uauer — Geol. Oest — Ungar. Monarch ie, 1875, 194. 

§Senft. Geognosie 1876, 451; Von Hauer loc. clt. 228. 

; Dr. E. Reyer truthfully says that Geology and the miner call that 
form, as to whose form nothing is known, a Bt<")ck. (Berg-u-Huetten- 
mannische Jahrbuch xxix, 1881, 26.) 
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tain iron-ores of that empire jis productH of replacement of Per- 
mian and Carboniferous limestones. Another Russian authority, 
M. P. Zemiatschensky, entertains similar views in respect to iron- 
ores of central Russia.* 

XV. Mt'ditcmineim Iroti-nrrA tis rt'plfufmrnfti ttj JlintntoiwH. 

1 — Iroii-orfs nf Bitbtio. Spain. 

No more remarkable developments of iron-ores can l>e in- 
stanced than those of the Riscayan province of Spain. These 
ores, known far and wide under designations of localities of 
numerous workings on the flanks of >It. Triano, include those of 
Somorrostro, Triano, and Matamoras, from which imme<iiate lo- 
calities, according to Mr. Gill, over 2^ millions of tons was pro- 
duce<l in 18S2, or 03 per cent, of the whole product shipped 
from the port of Bilbao during that year. 

These ores are of several amorphous types and gradations, in- 
cluding limonites, turgitesand hematites, some of the latter verging 
upon the specular variety. They are of different degrees of purit}', 
inversely pro[)ortional to their tenor of earthy silicates; and ac- 
cording to the degree, fii*st, of replacement of limestone, and, 
second, of alteration from the condition of ferrous carlH)nate, 
from which all types and gradations have evidently been de- 
rived. 

These imiK)rtant iron-ore <leposits occupy the horizon of lime- 
stone, especially of a formation interposed between overlying 
fossiliferous argilhiceous limestone, and a lower limestone under- 
lain by variegated and micaceous grits, containing ncnlular 
spha*rosiderite, the whole series, of Middle Cretaceous age, l)eing 
much disrupted and dislocated. The ore, wrought in places to 
(h^pths of over 100 feet, greatly fluctuates in thickness, owing to 
inecjuality in vertical range of replacement, whence obviously the 
uneven or billowy surface of the limestone fl(M)r. as described by 
Gill and others. In other places the limestone is fully devel(»|KMl, 
no repliKM»ment having lieen etfected. Again, the whole vertical 
range of the limestone is represented by ore, while at still other 
l(K'alities a lenticular bed of unaltered limestone separates the so- 
called idinpanil, clearly a hematitic or transition product of 
alteration of siderite — more or less incompletely transformed, 

♦Cited ill Bibl. of iron-ores. (4eol. Nat. Hist. Surv. of MinDesota, 
Bull. No. (>, pp. 320, 3:J4. 
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fn)m the iiiult»rlying vrna dnUr. This is a soft linioniU* passiiiji; 
into tiirjjjite and also grathiating in phu'os into a harder variety 
known as mm tfurfi. in whieh alioiuul pseiulomorphous rhom^M)- 
hedi-ons of hematite, after siderite. 

The shaly bhie limestone, containing nifuuiun ht lii/ntn^ and 
giving phice to ore-l)odies on the north side of the divide between 
the Nervion and the Somorrostm rivers (Mt. Triano), present** a • 
(*ontinuous outcrop on the south side, and forms tht^ crest of the 
mountain. The vrmi dnlvr, or gallery oiv, is descril)ed as the 
diameter of ore deep under cover; mmpnull, the choice or ship- 
ping ore of the region, under moderate cover; and nihio, a 
worthless variety in exi^osed ledges. The latter is a sideritic, 
cellular, cherty limonite, forming outliers or cnigs, evidently cor- 
resi)onding to the upper eiige of disrupted and higlily tilted 
masses of the nqiiiinia limestone, weathere<i and leaclied by at- 
mospheric action without the aid of undergrouiul moisture, and 
without protci'tion of cover, but passing into cemi on attaining 
cover. In l)oth brown and red-ore mines siderite occurs in blocks 
as cores or nuclei of altertnl products. 

The source of ferrous salts yielding more or less alterable fer- 
rous carbonat4i in contjict with limestone, appears to .have been 
overlying, now mostly obliterated, ferriferous and pyritous seili- 
ments, of whieh remnants are preserved. Tnequal conditions. 
pt»rhaps in original composition of the ore-limestone, but cer- 
tainly as to attitude and environment, have led to uniMpial de- 
velopment of ore-masses, some of which, acconling to (till, liav- 
ing the semblance of mountains of ore, proving mere shells of 
gocnl ore witli nothing but siliceous material lx»hind them. 
(Changes of volume, as uiiecpial replacement and chemical altera- 
tion have advanced, may be l)elieved to have Irh'II ade<iuate to 
pHHluce no small part, if not the whole, of the disruptions and dis- 
locations, so marked a feature in the stratigraphy of the region. 

Though s<^)me of the phenomena here referrinl to have l»een 
differtnitly interprete<l by M. Barson* and M. Baills,t the descrip- 
tions given by (tilU furnish abundant evidence of sideritic replace- 
ment of Oretaceous limestone strata, and of subse<juent altera- 
tion into limonite and hematite more or less advanced as condi- 

♦Rev. Uoiv. de8 Mines, iv. 18T8, i;48. 
tAnnales des Mines, xv, 18T9. 209. 
JJour. Iron and Steel lust. IHS2. «;:}. 
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tioiis for weathering action liave lieen more or les« favorable^ 
esi>eoially as regards tlie intervention of moisture. 

^i, Irou-ttn'ji of Elba. 

The specuhir iron-ore.s of the island of Elha, which have often 
\kh}\\ instanced in text-books as an example of eruptive or sub- 
limation deixjsits, a conclusion questione<i by G. Vom Rath in the 
year 187(K* have since been descril)ed by Lotti of the G«>logical 
Survey of Italy, as in part altered products of replacement of cal- 
careous rocks with which a chemical interchange of materials has 
taken place, in conformitv with the law that the more easilv solu- 
})le minerals arc replaced by the less soluble.! 

*i. Ahjeriiin i ron-ona {7\ifuit). 

Among well-known Algerian iron-ores are those of theTlemcen 
district, near the western lK)rder of the province of Oran. These 
ores, cominerciallv known as Tafna ores, are. as descril)e<l bv M. 
Pouyanne. t hematites occupying the horizon of Liassic limt»stone, 
which rests unconformablv on ancient crvstalline schists. While 
masses, large and small, of unaltered limestone and siderite an* 
uneciually distributed in all of the workings, these masses all furn- 
ish evidence of gradual and progressive transition into hematite, 
while spe>cular and magnetic oxides occur as products of further 
alteration. Other dei>osits imbe<lded with Tertiary strata are 
ma<U» up of detritus from the Liassic ores first mentiontMl. 

Wasf,i,nffoii, I). (\, Mnrvh 21. 189 L 



CRITERIA OF ENGLACIAL AND SUBGLACIAL 

DRIFT. 

\\\ Warukx Upham, SoiiuTvillf, Mh»»s*. 

The puriK)se of this short pajx*r is to call the attention of gla- 
cialists to the means of discrimination of the |X)rtion of the drift 
which, at the time of fiiml melting of the ice-shc»et, was enclose^i 
within the ice and therefoiv is callini englacial drift by Prcs. 
Chamberlin. and the j)ortion which was subglacial, lying under 
the ice. It is hoped that the availability of the criteria here men- 
tiontMl will be discussed bv others, and that we mav attain the 
most useful methods of observation and determination, in all jiarts 
of our drift-lK»aring area, concerning the question whether a large 

*.lahrh. fOr Miii. 1H70, TiW. 

■»-Kminons, Trans. Am. Inst. Min. Knir. l**'^*?. Fxt. s. 

*Ann. des Mines i\, ISTfi, p. HI. 
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fnietion of the drift, or only a siiuill amount, wu.s contaiiuii within 
the icc-8heet, !H*eominjr superghioial hy abhition, at the time of 
its departure. 

KnyUiriti! Till, The following charaeters have seemed to me, 
in examination of the drift deposits of New Hampshire and other 
New Kngland states, and of Minnesota, Iowa, the Dakotas. and 
Manit4)ha, to distinguish the englaeial till, n»aehing fnnu the sur- 
face to a variable depth, as eompartnl with the lower subglaoial till. 

1. More plentiful and larger l>oulders are usually encU>sed in 
the j)ortion of the till that was englaeial. Sometimes many of 
them ari' oidy partially. em iKMlded at the surface. 

2. These l»oulders and tlie smaller pieces of n>ck are mostly 
angular or suhangular. AVhile being carried along in the ice- 
sheet, the englacial drift wjis not sidijt'icted to attrition, which ac- 
<*ounts for the large size and unworn character of its rock frag- 
ments. 

IJ. The englacial till has commonly a s<jmewhat more gravelly 
and sandy and U*ss clayey composition, owing to the washing away 
<\i much of its finer material by the drainage of the glacial melting. 

4. It has a l<K>ser texture and is much more easily excavat^'d 
This |K)rtion of the englacial drift w:is allowed to fall looseh' when 
the ice <lisapiK»ared. The subglacial till, on the other hand, l>e 
ing compressed by the vast weight of the ice-slu»et, lKK*ame very 
hard and compact, whence comes its popular name, •' hard pan.' 

5. The effect of weathering, by which the small ingn^dient of 
iron in the till has liecome changed next to the surfaiv fn)m pnj- 
toxide combinations to the hydn)us sescjuioxide, giving a yellow- 
ish color, strongly in contrast with the darker gray and bluish 
color of the unweathered portion 1h»Iow. often is limite<i at the 
plane that .separates the readily i^crmeable. loose englacial till 
from the companitively impervious subglacial till. 

<). Between the two. there is fre(|uently a layer of subglacial 
stnitifled gravel anti sand, from a few inches to a few feet thick. 

Suhifhiruil Till. Chanicteristic featun»s of till accumulated l)e- 
iieath the ice ai*e. c«)nyei*sely, the prevailingly smaller size and 
glaciate<l shapi^s of the encloseii l)Oulders and fragments, its larger 
proportion of clay or very fine rock flour, its remarkable hardness, 
and in many sc»ctions the cessation at its top of the (-oloration due 
to weathering. 

Another criterion of subglacial till is the jKisition of its oblong 



Rtoiies, oreiierally with their major axes approximately parallel 
with contiguous glacial stria? and with the coui'se of movement of 
the ice sheet, and the embedding of flat stones with their flat siden 
nearly horizontal, or, where the accumulation rises in a prominent 
mass, as in drumlins. taking a parallelism with the slopes of the 
surface. In the englacial till stones of these sha|K*s art* less 
abundant, because of their exemption from glacial wearing, and 
thev have no observable order of arrangement. 

Furthermore, the subglacial till often exhibits, especially in 
secticms of drumlins, a peculiarly be<lded structure, in parallelism 
with the surface. Though l)oulders, gravel, sand, and clay an- 
thoroughly commingled, the deposit is imperfectly laminatcnl and 
tends to sepanite and crumble into thin flakes. This is fnxtuently 
noticeable in a fresh excavation, but is most distinctly seen after 
a few weeks of exjK>sure. 

Mr. Hugh Miller has observed similar structural features of the 
subglacial till over large tracts of northern England;* and the dis- 
crimination of the englacial and subglacial till, relying on most 
of the characters here noted, was probably earliest pointtMl out by 
Dr. Otto Torell, of Sweden, t 

A partial stratiflcation 1)}' water within the till, prmhicing some- 
times thin layei*s of gravel, sand, or clay, inconstant in character 
and thickness and usuallv of short extent, or often onlv a distinct 
approach toward the formation of such layers, is occasionally ob- 
served in both the englacial and the subglacial till,, probably more 
frequently' in the former; but veins of gravel and sand, of such 
extent :is to yield a sufllcient supply of water for wells^ are more- 
common in the latter, or, as l)efore not(»d. at the plane U'twetMi 
these deposits. The obscure stratification seems attributable t*^ 
seeping water during the dei>osition of the till, whether subglacial 
or englacial and superglacial, while the <lefinite and larger gravel 
veins were formed in small and temporary sul)glacial water 
courses. 

Both deposits contain Ijoulders and other drift deriveii from 
near and from remote rock outcrops. Ti<K»al tojM)graphy deter- 
mine<l the relative abun<hince of these portions,, and probably als4.> 
whether the ratio of far travelled material is greater in the en 



*H#*port of the Hritish As8<m\ for A<lv. of Scieuco, Montrt'iiU 188-L pp. 
■♦"Afii. .lour. Sfi., HI, vol. xiii, pp. 7^-70, .Ian.. IXI*. 
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gliRriul or ill the siib^laeial till, for it seems to vary iu this ri»HiK»ct 
in (litferent districts. During the progress of the accumulation of 
the subglacial till, it was supplie<l mainly from the lower part of 
englacial material, in which Ijoulders and fine drift of near origin 
were more abundant than higher up in tlie ice. Hence, as a whole, 
doubtless the subglacial till has more local material, though dif- 
fering little in this respect from the basal part of the drift within 
the ice-sheet. The streams deix>siting kallies and osars, as I l)e- 
lieve, brought these s€»diments largeU' from the upper and more 
remotely derived ix)rtion of the englacial drift, and also trans- 
portt^d them for the greater part long distiinces, thus wearing the 
boulders and gravel to subangular and n)und(»il forms. There- 
fore, in the order of their percentages of disUmces of transporta- 
tion, the subglacial till is generally lowest, and the englacial till 
next, while the stratifie<l gravels, sands, and clays brought by 
streams from the ice were successively deposit^Kl, each mostly 
beyond the preceding and farther from their st)urces. 

I\rrh((I Jihuhs. When the ice-sheet was melted away, its en- 
close<l l»ouldei"s were dropped, and some of them, lying as con- 
spicuous objects ujion the surface, are stn)wn sparsely over the 
prairies or are perched, apparently Where they might l)e easily 
dislodged, on the slopes and crests of hills and mountains. Oc- 
casionally these perched blocks are of great size. Two found by 
T>r. (t. M. Dawson on the eastern f<K)t-slope of the KcH*ky mount- 
ains, alM)ut >{.HOi» feet alM)ve the sea, measure respectively 42 by 
40 bv lis feet and 40 bv MS bv 20 feet. Other blocks in the same 
region extend up to the height of 5,280 ft»et, and they all were 
derived from the Archiean area east and north of lake Winni|K*g, 
some Tno miles distant.* 

President (Miamberlin has described remarkable iK'lt** of abun- 
dant superficial lM)uldei'8 a.s.s<H'iattHl with terminal moniines in 
Illinois. Indiana, and Ohio. t These Imulders are almost exclu- 
sivelv crvstalline Arcluean rocks, ami are thus known to have 
l»een transported across a distance of at least 'J(MI to 5(M> miles 
fn>m the north. Thev show that here and there in the ice-sheet 
rock masses, derived from remote hilly <ir mountainous tracts, 
were lK>rne forward high alK>ve the land; and that on the approxi- 
matelv level countrv of these staU*s onlv the lower iK)rtion of the 
ice contiiiniHl much drift derive<l from l<x*al rock formations. 

*<;eol. Survey of Canada, Iteport of Frocress for lHH2-8:{-84, pp. W7-149 C 
+Bulletin, G. S. A., vol. i, 1H90, pp. 27 :n. 
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Most of tlie very plentiful lM)uklers usually present in the hills 
and ridges of the terminal moraines were doubtless hn>ught as 
the highest part of the englacial drift. 

Kuhum, Ottai'it, untf VaUeij l>rift. That a large amount of drift 
was carried along in the ice-sheet and l)€»came exj^swl on its sur- 
face during its final melting, seems to me clearly provtMl. not 
onl}' by the thickness of englacial till according to the criteria Ije- 
fore noted, but also by the various deiK>sits of a.ssorted or nuMli- 
fie<l drift. Perhaps the most inteivsting class of these <leiK>sits is 
that which consists of prolonged ridges of irregularly liedded gravel 
and sand, often exten<ling in a series many miles, sometimes 20. 
r>(l or even 100 miles or more in length. These ridges usually 
have sttH»p si<les and a narrow arche<l crest of variable hight. 
Associated with them, and especially with the terminal and mar- 
ginal moraines of the ice-sheet, are mounds. hill(H»ks, and short 
ridges likewi.se composed of gravel and sand having a cHUifuseil 
stratification, often somewhat anticlinal in conformit}* with the 
slopes of the surface. Both the very long gravel ridges or st»rii*s^ 
of ri<iges. and the very short ridges, hillocks, and knolls, were 
formerly classe<l together, and were calhMl kames, eskers, or 
osai^s. but a useful di.scriminati<»n has lK»en pi*opose<l by MHttn* 
and (MiamlH»rlin, in accordance with which the term hnmn is now- 
restricted to the gnivel hillocks, knolls, and ridges of slight ex 
tent, while the long ridges are named osurs or tahrx* 

Preci.sely the same explanation of the mode of formation of the 
osai"s was reaclunl in<lependently fifttHMi years ago by Dr. X. (). 
Hoist in SwtMlent an<l by the present writer in New Hampshire, t 
Four vears earlier, as I afterward leanunl, nearlv the .same view 
had Ijeen fii-st pul>lished by Pnif. X. H. Winchell, in Minnesota.il 

*W .1 Mc(tee, in the H»>port of the Interuutional Geological Conirre.**?, 
second seission, Boulogne, 1881, p. 0*21. T. ('. Chamberliii, in the iThird 
Annual Beport uf the V. S. (teol. Survey for 1881 *«2, p. 21W; and Am. 
.lour, of Science, III, vol. xxvii, pp. :J78-:W)0, May, 1884. The article last 
cited presents niauy !nhHographl<- references, and shows that tlie term 
osar (pi. osars), in this ADglicized form, has long b«*en in common use !»y 
Jackson, Hitchcock, Desor, Murchison, an<l other authors. 

t**()m <le giaciala rullsteuwisarne," Geologiska Forpniogens i Stcck- 
holm Forhaudlingur, vol. iii, 1870, pp. U7-112. This paper is reviewed by 
Dr. .losua Lindahl in the American 5saturalist, vol. x.xii, pp. ri89-r>Ul and 
711-7i:{, July and Aug., 188S. 

J" On the Originof Kamesor Kskers in New llamshire," Pnx!. A. A. A. 
S., vol. XXV, 1870, pp. 2U5 225. Geolog}' of N. II., vol. iii, 1878, chapter i. 
Proceedings, Boston Society of Natural Histor}',vol. xxv, 1891, pp. 23H-242. 
Geol. and Nat. Hist Survey of Minn., First Annual Beport for 1872, p. 
<»2. etc.: Sf^cond .Vn. Bep. for 187:^, p. Il4. Proc. A. A. A.S., vol. xxi, for 
1S72. p. ICm. 
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During the Champlain eix)eh, a« the time of <!isa|)i>eunince of the 
last ice-Hheet has l>een named by Dana, its superficial melting >v:is 
rapid throughout the warm portion of each year, while the sub- 
glacial melting went on at a very slow rate through l)oth winter 
and summer, the same as it had l)een during the entire ei>och of 
gUiciation. Owing to the rapidity of the melting on the ice sur- 
fai'e, and to the amount of englacial drift thus ex|M>stHl and sub- 
jected to erosion and transportation, we believe that thesubglacial 
stream courses already existing wen» inadcHpiati^ for the drainage, 
and that they were mostly olwtructed an<l closed by the transix)r- 
tation and de)>osition of modifitnl drift. The waning ice-fields 
were then deeply incised by brooks and rivers |K>uring over them 
in the descent to their lK)rder and to the adjacent land lately un- 
covereil by the glacial retreat. Hydn>graphic basins of the ice- 
sheet probably extended 5(1 to 20(1 miles or more from its margin, 
resembling those of a l>elt of country along a sea coast; but the 
glacial rivers, and their large and small branches, had much 
8tet»per gnwlients than those of the present river systems on the 
land surface, and often or generally they flowinl in de4»p ice- 
walletl channels, more like canons than ordinarv river vallevs. 
3Iuch englacial drift, which had become su|M^rglacial. was washed 
away by the rains, rills, and small and large streams from the ice 
surface; and the osar gravel ridges ai*e the coarsest stMlinients 
progress iveh* dei>osited near the ice-front in such channels which 
were cut backward into the retreating wlge of the ice by the su- 
fH»rglacial streams. 

The best development of osars on this continent, scarcely in- 
ferior to that of Swe<!en, is found in Maine and has Wi^w thor- 
oughly explored and studied by Prof. (Jeorge \\. Stone, who con- 
clu<les that the material forming the.se long ridges, also the short 
ridges and knolls called kames. and the vallev drift, or stratifitnl 
gravel, sand, clay, and fine silt, spread along the river courst*s 
and on the lowlands, were all supplie<l chiefly fi*om the englacial 
drift.* This origin seems to me also true for the kames. osars. 
and vallev drift which have come under mv ol>servation in New 
Hampshire, Vermont and Mas.sachusetts, and in >Iiuut»sota. Mani- 
tol>a, and adjacent portions of the Northwest. In a paper rt*ad 



* Proceedings of the Hostoii Society of Natural History, vol. x.x, 1880, 
pp. 430-469. Proc., A. A. A. S., vol. xxix, 1880, pp. 510-519. Am. Jour. 
8ci., Ill, vol, xl, 1890, pp. 122 144. 
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hint August l)efore the (ftH)lojrical Society of America. I hIiow 
tliat the vohiiiie of the drift contaiiUHi in the last ice-sheet when it 
was melted from these states and province ap}>ears to have ranjjed 
from very littU* on some tracts to the tliickness of at least forty 
feet on other tracts. On the average, I believe that it was not less, 
hut probably considend)ly more, than my estimate of its awonnt 
in New Hampshire, namely, the e<iuivalent of a uniform sluvt of 
drift six or seven feet thick. 

In (ireat Britain, however, the material of the kames and other 
mo<litied drift is thought by Prof. James Geikie to have Ikhmi de- 
rivcsl almost whollv from subglacial drift throutrh the action of 
streams flowing beneath the ice-sheet: and he believers that there 
was very little englacial <lrift. quite tcK) little to permit the en- 
glaciid derivation of the stratified drift which is alttrmed by Ton»ll, 
Hoist, an<l others in Sweden, and by Dana and many others who 
have studie<l the drift of North America. Hut another eminent 
British glacialist, Mr. (J. W. Lamplugh, in n very complete ami 
valuable* discussion of the drift deposits of FlamUirough Head 
and other parts of Kngland, ])ublished this year, thinks that the 
ice-sheet which move<l outward fi*om Scandinavia and the high- 
lands of Scotlan<l and northern Kngland. sweeping across the low 
area that is now the bed of the North Sea. and then encroaching 
on the FljnnlM)i*ough coast, was charged with a large amount of 
englacial drift, not oidy Norwegian an<l Scottish iMudders, but 
also marine debris with fossils. gathen»d u]) into the ice fn.>ni 
ground thiit had been previously and is again now the sea l)ottom.* 

In this country, we owe to Prof. James 1). Dana the earlit»st enun- 
ciation. more than twenty years ago. of the doctrine that the i(v- 
sheet ctuitained abun<lant drift and deposited it during the tinai 
melting, partly as unstratilied and partly as stratifie*! drift :t and 
only a few years later this opinion was also published by Prof. N. 
H. Winchell. with especial emphasis on the etfiH»t of the superti- 
cial melting to cause this drift to become superglacial. t Both 
these authors appear to claim that a larger pro|>ortion of the whole 
volume of the drift was entjlncial at the close of the (tlacial 



*C^u}irt. .lour. (ieol. Society, LoikIod. vol. xlvii, ISIM, pp. 884-431, with 
limps hihI s^^ctious*. 

+Tnins., ConiH'Cticut Acadeniv of Arts and Sciences, vol. ii, 1H70, pp. 
ruj H*;. Maiiiiai of (teoloiry, editions of 1874 and 188U. 

J(ieol(>iri(:d and Natural History Survov of Minnesota, First Annual 
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•period than T should Ik* jible, on the Viasis of my oUservatioiiM aiul 
the foregoing eriU»ria, to admit. Tliere wert* surely, as I tliiiik, 
extensive and thiek deposits of sub^lacial till, l)esi(U»s some 
seanty su1>^laeial beils of stnitified jjravel, saud, and clay; and 
the aj^gre^at** mass of the suhjj^hieial (ipft appears to me witliout 
douV>t to exceed, and perhaps two or three times over, the mass 
of tlie iee-hehl drift. 

Tt^tlmmiif of EsUiimj Lc-shtit)*. l)r. N. O. llolst in Ids ex- 
amination of portions of the margin of. the (Jreenland ice-sheet, 
found extensive dejKjsits of lM>th englacial and subglacial drift, 
respectively characterized hy angular and by glaciated stones and 
iKmlders. The largest accumulation of superglacial drift, which 
had Imhmi englacial, was observed on the southern tnlgc of a lobe 
•f)f the ice near Fre<lerikshaab. The <lrift covering the ice surface 
here extends alonj; a distance of nearly twelve miles, and reaches 
a half mile to one and a half miles ujxm the ice. Acconling to 
Hoist's Swedish reiMirt of his ol)servations, summarized in transla- 
tion by Dr. Josun Lindahl,* the ([uantity and upper limit of the 
^superglacial drift at this locality are as follows: 

Its thickness is always j^reatest near land» but here it is often (|uite 
ditKcult to estimate its actual thickness, as it sometimes forms acompact 
•covering, only in some fissures showing the underlying ice. This un- 
even thickness of the moraine-cover offers to the ice a proportionally 
vaiying protection against the sun. It thus hapi)ens that the unequal 
thawing moulds the underlying surface of the ice into valleys and 
hills, the latter sometimes rising to a hight of fifty feet above the ad- 
jacent valley, and being so densely <'overed with moraine material that 
this completely hides the ice core, which, however, often forms the main 
part of the hill. 

Farther in on the ice, the moraine gradually' thins out. At the local- 
ity just referred to, the moraine-cover, 3,000 feet from land, measured 
several inches in depth; still the ice was seen in some bare spots. Be- 
yond 4,(X)0 feet from land, the moraine formed no continuous cover, and 
at 8,:{0() feet it ceased entirely, with a perceptible lindt against the clear 
ice. Only some scattered spots of sand and gravel were met with even 
a few hundred feet fartlier in on the ice. Dr. Hoist estimated the aver- 
age thickness of the moraine taken across its entire width near its east- 
ern end at one to two feet. The limit between the moraine-cover and 
the pure ice is always located at a considerable though varying elevation 
al)Ove the edge of the inland ic«». In the instance of the above-men- 
tioned moraine it varied lietween 200 feet and 500 feet. 

Terminal moraine ridges in process of accumulation on the 

^'Am. Naturalist vol. x.xii, pp. 589-598 and 705-71.'{, .Tidy and Aug., 18H8. 
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thinned Iwrder of the ice, were seen in several places, sometimes, 
as shown by the following (quotation, consisting chiefly of sn)>- 
glacial drift, elsewiiere of englaeial drift. 

The border moraines north of the Arsuk fjord iee-rlver are visible far 
out OQ the sea off Ivii^ut. Dr. Hoist examined one that surrouiMls the 
southernmost strip of land at a distance from land of about 2,000 feet. 
It is not one continuous ridge, but consists of several disconnected por- 
tions arranged in a semi-circle. One of these portions was about 200* 
feet wide and thirty rtve feet high. This moraine was mainly a ground- 
moraine, probably forced up by some elevation of the ledge under the 
ice. 

Another border moraine to the north of Kornok's northern ice-river,, 
was of a different character. The stones, at least at the surface, were 
greatly in preponderance over the gravel. They were angular and of 
var}ing size. The moraine showed some arcuations, but taken as a 
whole it was parallel to the land. In some exceptional instances it ap- 
prfwiched closely to the land, even so as to touch one of the projecting 
points, but generally it was lo<rated some distance away from land. Its 
width was estimated at 100 feet, and its hight at more than fifty feet; it 
should be remembered, however, that it might have had a core of ice. 
Its length was alK)ut one and a half mile. South of this moraine, and 
farther in on the ice. were seen three more moraines, the greatest one 
extending about 1,000 feet in length. Two of them were parallel, one 
inside the other. 

Still mon» impressive testimony of a large amount of englaeial 
and finally suiH»rgl:u*ial drift is given by Mr. 1. (\ Hus.sell in his 
description, as follows, of the Mahispina glacier or ice-sheet lying 
iH'tween the ba.se of Mt. St. Klias and the <K*ean. 

This is a pleat eau of ice having an area of between 500 and 000 square 
miles, and a surface elevation in the central part of between 1,500 and 
1,000 feet. It is fed by tlie Agassi/, Seward, Marvine, and Hayden gla- 
ci^^rs, and is of such volume that it has api)arently displaced the »ea and 
holds it !>ark hy a wall of deliris deposited about its margin. All of Its 
central portion is of clear white ice, and around all its margins, excepting 
where the Agassiz and Seward glaciers come in, it is bounded by a frinire 
of debris and by moraines resting on the ice. Along the seaward lM>r- 
der the !)elt of fringing moraines is about five miles broad. The inner 
margin of the moraine belt is ooniposed.of rocks and tlirt, without vege- 
tation, and Hei)arated niore or less completely into belts !)y strvP*^ clear 
ice. On going from the clear ice toward the margin of the g. , . e 
finds shrul)s and fiowers scatteretl here and there over the surfa* r'ar- 
tlier seaward the vegetation iMMromes more dense and the fiowem cover 
the whole surface, giving it the appearance of a luxuriant meadow. 
Still farther toward the margin dense clumps of alder, with scattered 
•^pruce trees, liecome conspicuous, while on the outer margin spruce 
trees of larger size form a veritalde forest. That this vegetation actually 
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grows on tlie moraines above a living glacier is proved beyond all ques- 
tion by liole« and crevasses which reveal the ice beneath.* 

The abundance of Huperglacial drift on this small ice-sheet iu 
Alaska, and its comparative scantiness on the greater pail of the 
l)order of the extensive ice-sheet in Greenland, seem readily ex- 
plaineil by the recent and present rapid decrease of the Alaskan 
ice, while that of (Ireenland is probably now increasing and the 
climate growing somewhat colder, t 

Both these ice-sheets lie on or near very mountainous districts. 
It will l)e of the highest interest to glacialists to obtain similar ol>- 
servations of the Antarctic ice-sheet, for most jnirtions of it.s vast 
expanse seem to flow out into the sea from areas of low land, 
more nearly representing the Imsin of the North Sea, from which, 
according to Lamplugh, the confluent Scandinavian and Scottish 
ice moved upward over the eastern shores of England, bringing 
much englacial drift derive(i frcjm that lower area. In like situa- 
tions, too, far fn>m mounUunous or even notably hilly countr}', 
arc» the localities which have atfonled to me the greatest estimated 
thickness of the englacial drift, as alK)ut forty feet adjacent to 
the Altamont momine on the Coteau des Prairies in southwestern 
Minnesota, t and about the same amount where currents of the ice- 
sheet converged from the northeast and northwest at BinVs Hill 
near Winnipeg, Manitoba. \ In each of these places the englacial 
drift is largely derived from the neigh l)oring low region. 



THE WINNEBAGO METEORITE. 

By E. N. Eaton, AraeK, Iowa. 

In the August numlier of the Gkolooist pn)fessoi's Torrey 
and BarlxHir again publish their analysis of the Winnebago 
county meteorite. The analyses thus far publishe<l vary so- 
great ly that I hesitatingly a<!d a preliminary one made b}' myself 



***An Kxpedition to Mount St. Klian, Alaska,** National Geoj^raphic 
Maga/ine, vol. iii, 1891, pp. 185, 18«1. 

tAM. Geoixkust, vol. viii, pp. 145-1.)2, Sept., 1891. 

J(teol. and Nat. Mist. Survey of Minnesota, Ninth Annual Report, for 
1880, pp. :{2>-:«4}; Final Report, vol. i, 1884, pp. 608, 604. 

f^ieol, and Nat. Hist. Survey of Canada, Annual Ueiwrt, new series r 
vol. iv, for 18><8 8IK pp. 38-40 E. 
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tjoDii jifter the ''fall'' and pu])liHhed in the Aurora* a magazine 
^litecl by the students of the Iowa Agricultural college. 
For comparison these analyses will l>e placed together. 

UECOUDED ANALYSES OF THE WINNKBAGO METEORITE. 
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Tn their last articU* professoi-s Torrey and BarlK>ur do not give 
the percentage of metal, but in a former article under the same 
analysis of matrix it is statcnl to be 457^ ** In the fourth coluuwi 
the analysis is cnlculate<l on this basis. 

It will Ih* observed that Torrev and HarlMiur's analysis c»ontains 
•over twice as much metal, nlnxist seven times as much lime and 
less than one- fourteenth as much magnesia as that reiKirted by 
Kakins. l)o the sections of the aerolite show such diversity in 
•chemical composition? That it is not altogether homogeneous is 
evident from a microscopical examination. The nickelifen>us 
iron oc<*ui*s in nodules of varying size while there is no regu- 
larity in the distrilaition of oliyinc. triolite, fern>us oxide 
or other constituents. Also in the fragments the surface is 
oxidized in an extremely thin layer while on the larirer mjLsst»s it 
is somewhat thicker. That this yariability is not conspicuous in 
<iealing with larger nuisses is indicat(»<l }>y Torrev ami BarUuir 
•obtaining the identical specific gravity as that re|MirttMl by Kunz 
(:>.(>OS)+t while my own (:>.(»7) is nearly a medium lK»twet»n Kunz 
an<l Kakins (:>.S04 at 2S.5(\).JJ My chemical analysis (*orre- 
sjHinds (juite closely with Kakins. 

♦Vol. XIX .luly, 1S90, p. 152. +Am. .1. Sc. Vol. 140, 18(M), p. 312. 

^Allowinjj 45 per cent, for inotal. 

i^Sonu'of tlie iron conihineil Ji.s FeS hen<'e per cent, FeO too large. 

In original artiele estimated as Fe^O, (21M>8 per cent.) • Ferric oxide. 
**Am. .To. Sc. Vol. 139, p. 521. 

■H-Tnuis. N. V Acad. Sr. Vol. ix, No. x. May .June, also Ameru ax 
•<Jeol(K;ist, Vol «», p. 249. 

XXKxw. .1. Sc. Vol. 140, p. 312. 
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In reviewing the facts presented by the analyses, one is inclined 
to donht the veracity of the specimens npon which professors 
Torrey and BarlK)nr made their analyses. In view of the nnm- 
l)er of counterfeit specimens that were exhibited soon after their 
value l)ecame known, some of which resembled the meteorite 
closely, a mistake of this nature might easily occur. 

The specimens upon which my analysis wjis made were sent by 
3Ir. Eugene Secor, of Forest City, a trusttn* of the Towa Agricult- 
ural College, Ui Prof. HeHM»rt Osljorn, and are now under his 
care in the college museum. Other spe<»imens were sent to me 
by parties in Forest City, and 1 think there can l»e no doubt 
}is to the genuineness of the samples analyzed. 

On the whole it would appear advisable that there l>e a careful 
revision of the work for such variability in chemical composition 
is unparalleled in the history of meteorites, and if true should 
liave clear conftnnatorv evidence. 



EDITORIAL C0MME:ST. 



RECENT STriHES IX SIMrERUMTIC CRVSTALLIZATIOX. 

Cortsfitutioii and origin of spIiernNUs in aciil ernptice rocks, Whituax 
Cross. (Phil. 8oc. Wash. Vol. ix, pp. 411-444.) 

Spheralitic crystallization. Jos. P. Iddixgs. (Phil. Soc. Washington,. 
Vol. IX, pp. 445-4(54.) 

Mr. Cross found, in the investigation of spherulites and litho- 
physa? of Colorado that the views Ijoth of the German and the 
French and of the English petrographers were inapplicable and 
the schemes of classification were unsatisfactory. He sketches 
German opinion, from A'ogelsang to Zirkel and Rosenbusch, with 
critical ol>servations. In particular, the term '• micro f e Lsite " 
propf>sed by Zirkel ami considered by Rosenbusch to signify a 
distinct mineral si)ecies occurring in scales and fibres and having 
a characteristic radiating spherulitic structure, Mr. Cross con- 
siders with Iddings, Teall and Br()gger to 1k» improperly definwi. 
He rather inclines to the opinion that these substances consist of 
a ^•submici'oscopic"* intergmwth of orth<K*lase and quartz, and 



that the fibers and sciiles in the ground mass of })orpliyric»s and 
rhyolites may Ik» minute particles of feldspar in<leterminable by 
existing means of resejireli. 

In a simihir manner the term **petrosilex" is employed by the 
French j>etrographei*s, under the lead of Michel-Levy, in a loose 
way. as is admirably illnstrateil by the definition. *'a partially 
amorphous magma impregnateil with silica already individualizcKi 
in a state of opal or chalce<lony. * Spherulites are sup|>osed, by 
the same authority, not to consist of known minerals, unless they 
l»e quartz and fehlspar. intergrown in the manner of pegmatite. 

The result of the author's studv of the (V>lonido material stHMUs 
t4> show that indefinite substances, such as crystallites, petrosilex 
and micn>felsite, have Ihhmi assumini to l»e pn»sent unnecessarily 
in many casi»s hert»tofore. under the influence of preconceives! 
idt»as. 

Tlu» chemical constitution of the pitchstone ctmtaining the Col- 
onulo spherulites shows, that on complete* crystallization the rock 
resulting would 1k' comix>siHl nearly two-thinls of alkali feldspar 
and a little more than one-thinl of frtH* silica. The author coin- 
cicU»s with hidings in the di»scription of Olmidian cliflT, that, in- 
stead of l>eiug due to an arrest of crystiiUizing consolidation (sup- 
|ios(h1 l»y all Kun>pean authors) spherulites of the smallest size as 
well :is the larger spherulitic masst*s. are due to the crystallization 
4)t some definite* minends from a uuigma. under si)ecial conditions. 
Then* are a few older crystals in tht*se rhyolites which, at a iJeriiKl 
prior to the spherulitic. were forme<l from the magma and Ijy 
their arrangement bring, out the fluidal structure. These took up 
the small percentages of lime, magnesia and in)n oxides whi^h 
analysis shows t>o exist in the pitchstone. forming phenocrysts of 
plagioclase. leaves of biotite, microlites of augite and triehites of 
magnetite. Mr. Cross examines specially the larger spherulitic 
maHM»s. but he considers even the smallest to consist of definite 
and often identifiable minerals. 

.\h to the origin of these spherulites. Mr. Cn>ss sup|K>ses that 
amorphous silica plays an im|K>rtant n)le. First a colloidal sn)>- 
>»taiM'e. embracing the elements of silica and of feldspar, is sup- 
\npf^*i\ to U* separatiHl from the magma, this Iteing ^*a local change 
in tin* cimriwter of the nuigma. " but whose caus*» and attendant 
4-onditi<inH Mr. (!ross does not attempt to state. Fnmi this pri- 
ijjarv i-olloidal globule are generateii amorphous silicsi in one di- 
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rectioii and feklspur in another, the latter taking nuliated aiMi 
brandling fonns under varying tension and viHconity in tlie mag- 
matic mass. As the eolloicial substance is furtlier separated, the 
.specialized growths goon^*//*/ puau, resulting in eoneentric zonal 
stnictures or in radiated splierulites. or ini|H»rfect arlK>res(H»nt 
forms — and sometimes in holocrystalline splierulites. 

It is dittieult to see, from the discussion, wherein Mr. rn>ss 
finds warnint for the existence of this supposed anterior, globular 
(•olloidal substance, or wherein his hypothesis enlightens or even 
embraces ••the conditions favorable to or causing spherulitic 
growths," (p. 4!15) which he announcers as its pur|)ose. In fact 
it ap|)ears. from tlie stiitements of Mr. (^ross. that the genend 
magma, after the primary segregation of the phenocrysts of plag- 
ioclase, biotite, microlites of augite an<l gniins of magnetite, had 
nothing left but the same elements that he deems characteristic of 
this colloidal su Instance, and it is perhaps reasonable to suppose 
the magma itself, €n tmiHin at this time was colloidal and gener- 
ated the splierulites in the same manner as suppose<l for tlie iso- 
lated colloidal globules. Jt is only by a.s.suming the minute pri 
mary globules of the magma itself as it existed just prior to the 
spherulite-forming stiige, as the initial colloidal globules, that 
there can lie. so far as we can si»e, any warrant for the hypothe- 
sis, and if the hy|>othesis Ik* reduceil to this, it is no hypothesis 
at all, for it only assum.es a well-known condition of amorphous 
matter. Mr. Cross's discriptions are clear and coinpi'ehensible, 
and the paper, aside from its philosophy, is a valuable (contribu- 
tion to American petrography. 

The paper of Mr. Iddings treats of a .stage in spherulitization 
sulKsecpient to that alK>ve descril»ed, viz. : the pn>ct*ss of forma- 
tion of the crystalline inter-growths and the characU»rsof thecrys- 
t4ils formcMl. It is base<l on a study of a new series of thin st»c- 

ft 

tions of the lithoidite of Olisidian Clitf. in Yellowstone Park, the 
sections presenting 2(> examples of one phase of the rock. The 
new study in Mr. Iddings* opinion corrolM>rat4»s. and also extends 
the conclusions rt»ached by the former research, a<lding thnn* new 
minenils. tourmaline, mica and zircon, to this rcK*k. Mr. Iddings 
likewise i*ejects. :is he lK»fore ignored, the ti»rm " microfelsite. " 
and l»elieves it is demonstrable that even the finest of the splieru- 
lites are but very small forms of larger ones whose structun? and 
<*om posit ion can Ik» observed. 



The piipor is taken up mainly with the reconl of facts descrip- 
tive of the micro-structure of the crystallizatioiis seen in thes<»- 
splierulites, Tliere is. however, a hy|)othetical underlyintj; cause, 
or conception, which Mr. Idciings entertains as the initial condi- 
tion precedent for the formation of spherulites, viz. : the prc»s- 
ence and untHpnil distribution of water-vaiK>r within the silict»ou.H 
nuigma. Tliis water-vapor seems to act, as presumed 1»y the 
author, rather phvsicallv than chemicallv ami to determine }»v 

Aft* ft ft 

its greater amount in localities the greater molecular mobility 
within the molten magma which locally permits crystallization. In 
other words the concc^ition of the author is that where now exists 
a spherulite within the oV>sidian glass, originally was a l<K'al cen- 
tre of greater hydration than in the magma in general. This c»on- 
dition precedent answers, in Mr. Iddings' hypothesis to the col- 
loidal globule in Mr. Cross's, but neither of the hypotheses aims 
to account for the initiation of the actual crvstallization. 

ft 

At (ii*st glance there seems to be an <>l«stacle to this a-ssununl 
une([ual distribution of hydric vapor, and it is the same in chanu*- 
ter. as that stated by Mr. hidings against an unecpial distribution 
of heat '•througlicmt any consi<lerable mass of the magma" (p. 
44t)) viz. : ill thf iiutiu'f of the vfntf. Heat and hydric vaiH>r, in their 
manner and degree of distribution, are, when lK)th are present, if 
not identical, so intimatelv correlative that what mav be a.ssuiuiHl 

ft ft 

for one, may. perhaps, be assumed for the other. Hut it must In* 
a<lmitted that there is a fundamental <listinction to be observiMl. 
in this ca.se, betwt^en the presence and pro))able nmnner of distri- 
bution of heat and the presence and probable distribution <if 
water-vaiM)r. Heat, in a molten eruptive rock, is primary and es- 
sential an<i nuiy reasomibly be supi>osed not to present great var- 
iations throughout ''any considerable mass. '" but hydric va|>or is 
secondary and accidental, an<l may be supiM)sc<l to 1k» most 
abundant at those points where the molten magma may have lHM*n 
brought into contact with superficial waters. Such accideutiil 
contacts would, in the first place, cause a nipid and general ditfu- 
sion of water-vaiK)r through all the adjoining crust, as well as 
throuirh the molten magma, and it wouhl seem inevitable that 
some parts of the magma, even throughout ••considerable masst»s*' 
would 1m» atfecte<l ditferently by its presence in <liflrering amounts. 
Nt»t withstanding this distinction, however, in the nature of the 
origination <if these two elements in the rHpii<lity of the magma, it 
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must again Ik» admitted that the very act of va}>orization of water 
when brought into contact with a molten magma, wcmhl abstract 
heat locally from the magma. an<l that the local differences in the 
he4it of the magma wouhi extend juwl pnnnH with tin? production 
^ind ditTusion of the va|K)r of water. Indetnl these two progressive 
changes would almost exactly complement each other, and henci^ 
4igain, the pivsence and the distribution of hydric vapor -'through 
c4)nHiderable massifs of the magma" would m»t i)erhiips Ik* any 
more uniH|ual than the distribution of heat. 

It nnist Ik^ underst<Kxl, however, that here we are CA>nsidering 
••considerable masses of the magma/' throughout which compared 
with other considerable masst^s there ma v or may not have been 
difTen»nces of hent and hydric vajKu*. This is (piite a difrerent 
1 hing from the assumption of (*entres, or |N)ints (for each spherulite 
is sup|>osed to have begun its gi*owth at a point), di8|)08ed irregu- 
larly through the molten magma, at which there was. temporarily or 
4'ontinu<msly a greiiter amount of watery vaiK)r than throughout the 
remaiiulerof the m:iss. These spherulites ani immensely numer- 
4)us. Some are large, and some are microscopically minute", and 
sometimes they touch ejich other. There must, under the hyix)th- 
i»sis of Mr. Iddings, have In^i^n an immense numlM^r of individual 
|H>ints. almost an intinite numlK»r. at which, though separated 
from each other by microsopic distances, there wen» maintained 
gnniter amount,s of hydric vajwir than in the intervening spaces. 
Such a conception of the manner of distribution of hydric va 
)*«)r is uni(iue and can hardly be accepter! under the well-known 
laws of the diffusion of gases. 

W(» cannot see as either of these authoi*s has suggestiHi — we 
will not say the cause but — the essential condition precedent of 
t he formation of the spherulites in acid lava. Mr. Iddings* re- 
«^uirement that within the area of the <leveloping spherulite thcn» 
must have lx*en great-er moU»cular mol)ility than in the surrounding 
magma, is a step towani the solution of the pn)blem. Whether 
This greater mobility depended on a colloidal secretion from the 
iuagma, enveloping the point at which thecrystallization l)egan,oron 
a point or a globule, within the magma, which enjoyed a prejx)nder- 
:ince of hydric va|x>r, or of greater initial heat, each one of which 
iHM^nis to us untenable, it is plain that the authors have made valua 
blcand creditable contributions to American i)etrology. and that in 



the ivsciuvli which thev luivo coiuhiettMl. thoir results httve lx»en 
reached iiKlepeiuUMitly. and anterior lo all other petrojrraphers. 
In conclnsion \v(» woidd su^ij^ijest that perhaps, if the initial ste|>- 
of the conjunction of two ditrerinjr molecules into chemical union 
l)o admitted as the startinji: point, such as the molecuh»s which 
make one molecule of orthoclase. there may have been developtMl 
enoui^h heat to cause the similar union of two others, 
ami that two others, ml intiHihnii or tuf Jim m. thus promoting 
the local ditrerencc of heat riMpiired on which to postulate the 
local <litf<»n*nce of molecular mol»ilitv. It seems that the initia- 
tion and the nniintenance of the <j:i'<>>vth of spherulitic crystalliza- 
tion, in the same maimer as of all otli(»r crvstallization. 
must be sou*rht for in the occult laws and relations of <*hem- 
ical atlinitv. It also seecms that on physical attemlant 

conditions depend the forms of ^r4)wth which the crystal 
lizin^ matter shall take on. It is nec<»ssarv to seek for thos** 
physical surroun<1inj^s in the nnijj:ma. in the case of spherulites. 
which may have prevente<l the second and succi'edintr molecules 
of oilhoclase from placin*j themselves alon«r.side of their earlier 
brothers in accordance with the laws of the crystal system to which 
ortlKK'lase beIon«r.s. and thus fnmi buil<lintr up a perfe<*t mono 
<*linic form. 
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trro/of/int/ iifttl Sill u ml JltHlorq Suniif of Cnmnhi, AlkkEU U. (*. Ski. 
WYN, Dii'Ct'lnr : Aim mil lieport^ Sur Strint^ rnl, J \\ for 18ss-h!f. Mont- 
real: 181)0. Svo, pp. xxl.x, lor)4: with three plates cngnivetl from photo 
jjraphs, four maps, and a she«»t of st»<*tions. IVii-e, ^"2. Th<' summary 
reports of tiie oiMTations of the Survey durinu; ISSil, l»y the director and 
assistants, eiuuprises 6t> pa^es. The cost of th«* Survey durinjLr th«- tisenl 
year ending.hme :Mnii, IHHl), was *10(MW)7.1M». Sales of the Sur\-ey pub 
licatioDs in 1S81) amounted to 82,0(H>..*>7 : and within this year the nnnd>er 
of visitors to tin* Survey Mus<Mnn was 1S,:MK), living an inen*as«' of HSr»- 
:is <'onipar«Ml witli tlio previous year. This volume also inehales th«* 
following i>ai>ers. 

/Ufforl on ii poriioii of tin Wml KoottiHH lh'»lrirl^ lirilUh f'ohtwhiii^ 
I88ii. liy <iKOUGK M. Dawson. Numerous recent discoveries of vain 
able silver-bearing ores in the inountainous country adjoining Kootanie 
lak«* :uid tln' l'i>per a!id Lowit Arrow hikes of tlu* ('obnnhia, le«l t«> th*- 
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g»M>U)iric recoiiimissHiUM* \vhh*li i^* Ihtc* «les<Til)0(l in 0<» l>a;ijt»s, with ii iniip. 
These long !ind narrow lakes, nu'ftsuring n's|>(»ctively alMnit r»4, 4(>, anU 
51 milps in hMii^th from uortli to south, and on<' to two niih'S in wi«lth. 
< cciipv basins that W(*r»* probably preglacial river valleys of similar 
origin with the fjords of the <-oast. Of two sonndinv:-* in the I'pper 
Arrow lake, one showe<l a depth of 4JM) feet, and the oth«'r failed to 
roach the bottom at 721> feet. In tin* I.ower Arrow lake the dtM'pest of 
thren soundings was -HU) feet. Kootanie lake is probably <leep<'r than 
either of these, but was not soundfMl. Their approximate bights above 
th<* sea an* as follows : I'pper Arrow lake, 1,IJ1M> feet: I.ower Arrow 
lake, 1,:JS0 feet: and Kootanie, 1,7:J0 feet. Tho Gold and Selkirk mountain 
ranges rise 8t«'eply on eaeh siile of thes«» lakes to eh*vati<)ns 4,(MM» to 
J»,0(K) feet abov«' tin* 8<.'a. 

A general section of thenK*ks exposed In these portions of the Conlil- 
leran belt is as follows, in des<'ending order : 
(treenish and grev schists, with many beils of limestone in the Feet. 

lower part 2.(XM) 

l/imestone or marble, oft<"ii banded with siliceous layi*rs, and 

associated with black argillite and grey schists *.\5(K) 

Chiefly greenish 8<'hists, with some grey schists 4.050 

Chiefly grey schists, and including some greenish schists, <'onsti- 

tufing, with the last foregoing, the Adams Lake series s,r,r»o 

Black, shaly or schistose argillites, with min-h dark limestone, 

both being often more or less micaceous, named tiie Niseon 

lith series, probably 1,(MM» 

Mi<-a schists, gneisses, and marbles, completely crystalline and 

often highly siliceous, named the Shuswap series ."i.CMMi 

The total estimate<l thickness of strata is tlms 2o,*J<K) feet. No dis 
tinct unccmformity is found throughout the entire section, but the lowest 
division is provisionally referre<l to the Arch;can, while the higher for- 
mations, though destitute of fossils, are thought by Dr. Dawson to repre- 
sent various periods through the whole Pahco/.oic era, from thi- Lower 
Cambrain up to the C/arboniferous, inclusive. Besides these stnititied 
formations, gnmites and granitohl rocks occupy a large part «d' the West 
Kootanie district, their principal area lieing the basin of the Lower 
Arrow lake. 

Nejirly all the metalliferous «b*po8its occur in the stratified rorks. In 
the Shusw^ap series they an* mostly galena, with some bh*nde and pyrite>, 
and are of low grade as to their content of silver. Rich argi'iitifenuis 
veins traverse th<* A<lams Lake series and the next overlying limestones 
an«l argillite schists. 

On the top of Toiul mountain, which lies near the junction of the 
Kootanie river with the Columbia, at a distance of aliout twentv-flve 
miles north of the iatematioual boundary, glacial stria' in bearings Im* 
I ween S. <l and '^\ K. wen* foun«l at the altitude of <»,99(» feet alcove the 
sea. Thev are attributed bv Dr. Dawson to an ice-sheet that was acciim- 
iilated tm the Cordilleran mountain belt in British Columbia, adja^'ent 
portion** of the I'nited States, and the Northwest Territory of Canada. 
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lu aluio^l exactly tlie siiuie latitude, but about 170 miles farther west, 
similar southward irlaciaticn is found on TiOadi^tonc Poak at a hight 
of fi,:n(> feet. 

Iteport on tin explvratlon in the Vakon and MaHoin'iJiasitm, ^, W, T, 
By U. (t. McCoNNELii. This memoir of 163 pages, with an index map 
<»f the country described, is based on obser\'ation8 during 1887 and 1888. 
The intervening winter was spent by the author at Ft. Providence, a poet 
•of the Hudson's Bay Company near the west end of Great Slave lake. 
■Some idea of the vastness of the region embraced by this report may be 
inferred from the navigable extent of the Macken/Je river, on which 
ihis company*s steamer runs about 1,800 miles, from Ft. Smith on lati- 
tude 00 to the Peel river at the head of the Mackenzie delta. Devonian 
rocks, in some localities yielding many fossils, form the greater part of 
the country bordering the Mackenzie below Great Slave lake; but on 
ttertain tracts they are covered by Cretaceous marine strata and Tertiary 
lacustrine beds. Boulder clay and other drift formations occur along 
the whole course of the Mackenzie, but only on the upper portion of 
the Yukon. 

In many places on the Mackenzie, as also on the plains of Alberta and 
Assiniboia, the lH)ulder clay or till rests on a great thickness, sometimes 
fully 150 feet, of preglacial gravels, which seem to be the analogue of 
the Lafayette formation of our southern states. These beds in the Mac- 
kenzie basin contain well rounded cobbles up to eight or ten inches in 
diameter, including many of gneiss and granite derived from the Arch- 
jcuu area far to the east. They are intimately connected with the l>oulder 
clay, and in one place were observed to alternate with it. 

An appendix, tilling 18 pages, gives meteorologic observations, taken 
twice each day from June 25th, 1887, to the same date of the next year. 
A single station. Ft. Providence, was occupied seven months, from Oct. 
Uli to tlie end of April. 

livport cf hypionftion of the irlariol I, ah' Af/inottz in Monitolnt. By 
Wauuen I'lMiAM. pp. 156, with sections, and two maps. Reviewed in 
the Am. CtK0i.o«isT, March, 1891. An extract, treating of the hietor)' of 
this lake, has also been reprinted in this magazine. Two appendixes 
accompany this report, one giving courses of glacial stria' about Hudson 
bay, lake Superior, and westward, and the other tabulating altitudes de- 
termined by railwav survevs in Britisli America from Port Arthur went 
to the Pai'itic. 

Jti'port OH thf Mini'ntl Ui'»onrcc9 of tfu Province of Qnthr. By H. W. 
Ells. pp. 150. The growth and present condition of the various mining 
industries of this part of Canada are concisely stated, from information 
emlxxlied in previous reports of the Survey and of experts, from artl 
cles in scientific journals, and from mining superintendents. 

livport on the Snifoa (ie^tloffy of Southern New Bruntneiel; By Boukkt 
(HALMKUs. pp.02. The part of New Brunswick descril)ed in thia re- 



port borders the Bay of Fuiuly, exteiuliiig from ilic Maine lioiiudurv on 
the west to the istlinui^ of Chlegnecto, unitint^ this province w itli Nova 
Scotia, on the east. A southern liilly An«l mountainous belt of er}'8tal- 
line rocks, some thirty miles wide, runs along the coast; and back of 
this is a low, broad Carlioniferoua area, much of it beneath the t>00 ftiet 
contour line. Kiver valleys, now partly submergetl indicate* that the 
country stood at a greater elevation, being not less than 2()0 fi'et lii«^her, 
during late Tertiary time; but after the departure of the ice of the 
Glacial period It was for some time depressed about 320 feet, as Is known 
by fossiliferous marine l)eds overlying the glacial drift, an<l tlie sea tlien 
covered the Chiegnecto isthmus. This subsidence agrees closely with 
that found by Prof. (George H. Stone In Maine. From the depression 
the land was re-elevated considerably al)Ove Its present lev«'l, this being 
shown by a bed of peat at a depth of alM)ut 80 feet under the Tantramar 
salt marsh at the head of the Bay of Fundy. The latest movement has 
been downward, but seems to have ceased. Sea cliffs, bea(;h ridges, and 
salt marshes, show that now and at least for some centuries past the rel- 
ative levels of land and sea have l>een nearly or quite stationar}*. 

l*reglaclal decayed rock and beds of gravel on many tracts underlie 
the till, which is often thin or almost wholly wanting but occasionally 
attains a thickness of 50 or 00 feet. Drumlins, moraines, ami kames oc- 
cur somewhat as In the New England states, and the region Is nearly 
everywhere profusely strown with Iwulders. The Leda clays and Saxl- 
cava sands extend to the hlght of about 220 feet; and at greater elevi 
tions the district is prevailingly mantled with un fossiliferous beds of 
coarse gravel and sand, often Irregular In their stratification and continir. 

Cftemi(4d Vontrihntioitx to t/ie G€4)Utgy of (Unuiiht^ front tfu' l^ibomtorif of 
the Surtry, By (t. Chuistian Hoffmann, pp.68. This rejwrt comprises 
a large number of analyses and descriptions of coals and lignites, nat 
ural waters, iron ores, limestones and dolomites, otc, with notes of 
about two hundred assays for gold and silver. 

Iteport on the Minintj and Min4'ral Statinticn of t'timulu f>t th' yeor JsSs. 
By II. P. BiiUMEL. pp. 93. The aggregate value of the mineral products 
of Canada during 1888 Is tabulated as 116,500,000. Coal stands first, with 
value somewhat exceeding $5,000,000. The product of iron, so far as 
statistics could l>e obtained, was nearly :|1,600,000: of gold, about 4^1,- 
000,000: copper, $6<J7,000; petroleum, $'755,000; asl>estus, $255,000. Tlie 
total ex|>ort8 of mineral products during the year was $4,7JJS,810. of 
which nearly three quarters went to the Unlte<l States, anil alM»ut onc- 
tentli to i^reat Britain. 

Jh'ciition of .Uinfi'ol Stotintifn and Mi'ninf/: Annual UtjHtrt for tsHH. 
By Elfkic Dkew Ixoali.. pp. 124. The total mineral production during 
1889 was $19,500,(H)0. Each of the pro<lucts l)efore speclHed for ISSs 
shows an increase, excepting petroleum, which fell off a)K)ut 20 percent. 
The largest ratios of increase are for iron and asbestus, each of which 
advan<'ed al»out TO per cent.: and the value of the pro<luct of steel was 
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Fo»»il lUninn; Jiy Claiiknck Ix>wn and Hknuy IkxiTii, New York, N. 
1). 0. Hodges, 1891, pp. XVI and 11».— 4 plates. 

Messrs. J^)wii and Booth have nuule a very creditable conipUation oi 
the literature of this Hul>je<:t. They cite and descrilie eight aiitliniitipi^ 
from 1810 to 1870. They tiave apparently collected ail the availabif* 
Ifteraturi* and one is surprised with the result; a score or so of papers and 
lu) uwrc. It seems almost incredible that so fascinating a subject should, 
have received ho Kiuall a share of attention. The la<;k of material nuiv 
no doulit l»e r«rtpoiiHil)l«' for this. Th<^ tyiK)graphy of th<» Injok Is e\- 
i*ee«lingly l)ad. 

(tmloyinU ExcavMitniH; 1,800 181K). London, KowAUO STANKonu, 1H9U 
pp. 571, hg. in text. 

This valuable hook, *' A Kocord of Kxcursioiis of tho Euglinh Geo! 
ogists' Association ma*lo between 1H(JO-1800," is ably edited iiy Mensrj*- 
Thoh. V. IIOLMKH, F. (t. S., and V. Davies Sukkbokn, F. (J. S. The 
memWrshlp of this asHOciatiou is not only composed of professional 
geologists but also of all {ktsous who find pleasure in the various ex 
cursions wiiicli tlie AsHo<;iatioii takes year by year for the purpose of 
studying some soction of couiitr^^ under the guldan(;e (»f som*' local pii»- 
fessional geologist. 'I'he present work is one descriptive of these various 
excursions anil contains a brief acccmnt of tlie geolog}' of each place visited. 

Seir mim^tfUfrom the Sci'^Htttiiu licit at hhinton^ Pn,: By JouN KvKic- 
MAN. ( A<;a<l. Xatl. Sci., Phila. Oct. '20, 185)1.) 

Tlie author announces the discovery of a numl>er of minerals from tht* 
line of c<»ntact bt^tween the Serpentine ro<*ks and the Calciferous (?> 
limestone near Kaston, Penn. Ten minerals not heretofore known from 
this hK!ality are «! escribed, of which topaz, liydromagnesite, chalcopy- 
rlt<' an<l graplilte are th«» most important. 
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From .lapan to (iranada: Skctclies of Obs(*rvation and Inquiry in :« 
Tour Round the World in 1887 8. By.I.H. Cliapin. New York, 1889. 

.\ Memorial Address on the Life and Services of Alexander WincheU. 
By M. W. Harrington. Published by the Iniversity of Michigan. 1891. 

Stones for Building and Di'comtion. By George P. Merrill. New 
York, 18in. 

\ Sket<-h of the Physical Geography of Iowa, by It. E. Call. From 
Ann. Hep. Iowa Weather and Cmp Sorviee for 18JH). 



Notes oil tlie (>(M-iirreQe<» of Musical Saiul on tin* Parific- Coast of thf 
United States, hv II. i\ Doltoii. From Proo. Amcr. Asso<'. A«lv. Sri. Vol. 

XXXIX. imx). 

Balloting dii Oomit*' (IMIogique, St. Petersburg, IHIMI, IX, No. 7, coii- 
tains: Compte rendu pr^liminaire sur les recherches g^olojiriques dans 
les domaines WerkhuC'-Tourinskaya, Nliny-Toutinskaya et Bisserskaya, 
par A. Krasnopolsky; Compte rendu prelimiiiaire sur les recherciies 
faites en 1880 dans la partii'* septentrionale du gouvenienieut de Lublin 
et dans la r<^gion de la li^c du chcmin de fer de S/.pola-Uinaj2:ne dans 
le gouvernemeiit de Kiev. Par A. Michalski. IX, J^o. 8, contains: Note 
8ur les travaux e.v^cut^s par Texpedition d»^ Timane en 181M), par 'I'll. 
Tschernyschew; Itecherches g<5ologique8 fatten dans le district <le 
Novomskovsk du gouveruement d'Ekaterinoslav et quehiues nouvelles 
doun(*es sur les depots tertiares inf^'Tieurs du bassiude la civicre Solenaia 
par N. Sokolov. 

MC'inoires du Coiuitc <4<''ologique, Vol. IV, No. 2, Allgemeine geolog 
isclie Karte von Uusslau<l. Blatt 188. Geologische Uutersuchungen in 
nordwestliclien G^biet dieses Blattes von A. Stuckenberg; Vol. V, No. 1 ^ 
Carte G<''ologique g<^n<'Tale de la Uussie. Feuille r»7. Moscou; Vol. V, 
No. 5, Despots Carbonif^^es et Puits Art^^'siens dans la region de Moscou 
par S. Nikitin; Vol. VIII, No. 2. Die Ammoniten der untereu AVolga- 
Stufe, von A. .Michalski: Vol. X, No. 1, I^ Tremblement de Terr«Mle 
Vemy, 28 Mai (1) .Tuin) 1887. par J. V. Mouchketow. 

Bulletin ile la SociW* (T^'ologicpie de France. Paris. Jk> S^?rie, tome 
XVIII, No, 1, Mars 1890, contains: I^e Permien dans I'Avej'ron, la I>oz^re» 
le Gard et rAr<leche, par M. G. Fabre; Grande faille du Zaghouan et 
ligne principale de dislocation de la Tunisie orientate, par M. G. Hol- 
land; Description <lu Terrain cr<'*tac<'* dans une i)artie de la Basse-Pro- 
vence, par M. Collot. No. 2, Mai, 18iK), contains: Note sur le Syst^me 
oolithique inferieur du Jura m<^ridional, par M. Attale Uicrlie: G<'*ologie 
de rindie Franvaise, par M. H. L<^veill<^. No. 8, .Tuin, 1890, contains: 
Note sur une Porphvrito jV pyroxene par M. Camiiset: Grlgine de 
rOrographie de laTerre, par M.Tanly; Sur la pr^'sence, dans le Lang- 
uedoc, de (^ertaines esp^ces de lYtage e duSilurien superieur de Ik)h(^me 
par M, J. liergeron; Succession des CTUptions volcaniques dans le V«»lay^ 
par M. M. Boule: Note sur la pr<'*sen<re du Pleuro«lictyum problema- 
ticum dans le Devonieii de (/abrieres et sur iiii iioiivel horizon de 
Graptolites dans le Sihirien de Cabrler«*s, par I*. G. de Bouville: Kcliini- 
des recueillis dans la province d*Aragoii (Espairue) |>ar M. M. (lounlou,. 
par M. (*otteau: Uemaniues sur le nom gcneri<|ue d'Hipparlon par M. A. 
Gaudry; Seconde note sur les IIolothuri«lccs fossiles du ('alcaire Gros- 
sier, par M. SchlumlHTger; Note sur la (ti'ologie de la Tunisie, |)ar M . 
I-ie Mesle; Sur I'age relatif des MammifiTes de Cernay, par rapport aux 
Verti^br^'s du mcin»» groiipe «b'*c«mverts en Kuropi* et en Ain^'-riqiK*, 
par M. le Dr. Lemoiius Ktude stratigraplii((ae «»t nouvelles recherche^ 
sur les Mollusqiies du terrain lacustre inf^'Tieur de Provence (DanienC 
par M. Caziot; Note sur les mines de C'olar (Inde) par M. ly'veille: Note 



rfur le I^rn'micin do (,'alM)Qiio (Drniin*), par M. G. Sa\ n: Sur la iH>»itioii 
strati irraphi<j\ie do Charboiis fossils dn l'iC*inont, par M. Fred. Saoc<>« 
No. 4, Juillet, 181»0: Ohservations sur los dimes littoniles de IVpcxiue 
actuelle et de lY'|MX|ue pliocene en Algerie et en Tunisie, par M. A 
Pamm; Sur le fo«8ile d<'*crit par M. <le Zigno sous le uom de **Anthra 
•<*otherium 3Ionsvialense/' par M. A. (»audr>*: l^es Dunes maritimes et les 
Sables littoreaux, par M. lo Dr. F.abat: Sur la (*lassitication dea C^'^ratitei* 
■<!e la Craie, par M. H. Douvillr; Note sur (|uel<iues Kcliinides du terrain 
(•r<''tacr' du Mexique, par M. ('«»tteau; Note sur IVxtension des Atterrisse* 
ments Miocones de Bordj-HouYra (Alger), par M. E. Ficlieur. No. 5, 
Aout. 18iMI: fttude sur los rapports des ManimilT*res de la faune Cernay- 
■sienno et des Mauimifi*res crotaoos d'AniC'rique, par M. Lemoine: Note 
sur le poristome du Phyll<M-oras uieditorraneuni, par M. K. llaug: Sur 
• juelquos points <lo la <tA»loirio de la Tunisie, par M. Auliert: Note sur 
loH tnivortins jl vog('*taux <le Douvres (Ain), par M. A. Boistel: Ktude sur 
la formation do la roi^ion Tho/.iers Vaccpiioros ((iard), par M. Cazlot: I>e 
la niosure du temps par los piionomones ilo s<''dimentati(»n, par M. A. do 
Lapparont; J.es Tromblon»onts kXv' Torre, par M. Tardy; Sur une forme 
nouvelle de trilobito do la famille des (.'alymonidjo (<Jenro Calymenella), 
pur M. .hdes Beriroron: Omtribution A lYtudo du terniin tertiare d'Al* 
saoe ot des environs tlo Muliiouse. par MM. Mioir, Bleiolier et Fliche. 
No. Ti, Septembre, IHJU): Los Torrians jurassi(|ues dans los environs de 
Tiaret, Frenda ot Sai'da. par M. Welsoli; Sur les Terrains phosphates 
■«les environs *\^ Doullens. Etuire Sononien et Terrains su|>erpos<'iii» 
■\mx M. H. Lasno: Moncu'oros ot I'armaeella i\\\ PrKH'ono de Mont 
pellior d'apros P. (iorvais, par M. Viijjuior: Li'S terrains ori'-tacr*?* 
du Soresscui oocidontal ot de Lolion, d<'*partment <r()ran, Alg^'Tie, 
par M. J. Wolsoh. No. T. Ootobro, 1S1»0: Description des Syt^nites 
ni^plioliniciaos de Pouzao (llautos Pyrenees > et do Montn'al (Canada) et 
do lours phenomenos s\i> ecmtaot, par M. A. Lacroix: Etude de la Faune 
des Cnuehos tithoni(|Uos <le rArdoehe, par M. A. Touoas. No. S. Deeeni- 
bre, l^<90: Docouvorto ile fossilos d»i Miooono suporieur dans les sables 
r(»uu:os do la forot «Ui (tavro ( Loire-Inforieure), par M. L. Davy. Note sur 
la constitution goologicpio dos Pyr^-n^'os. Le systemo cambrien, par M- 
E. J acq not. No. '.». Aout, 181H: Situation stnitigraphi«pie des regions 
voli-auiquos do rAiivorgno. par M. A. Michel Tiovy: Fia C'haino des I'uys, 
par M. A. Micliid Levy. Lo Moute-Doro et sos alontours. par M. A 
Michol Levy: Sur los enclaves dos trachytes du Mnnte-Dore ot en partic- 
iilior siir leurs enclaves do rochos volcani(|ues. par M. A. Lacroix: Note 
sur h»s Andositos x\ hypersthcne du C'autal, par M. A. I^a'roix: lY'perites 
du Puy y\v Mur, par M. Paul <Jautior: Note sur les Zcolit4*s des Basaltes 
et IVpc'ritos dii Puy do Druno, par M. F. <fonnard; Sur h's Tiifs vfdeaDi 
»iurs «lo Boauliou (Bouchos-duKhonei, par M. Collot: Basalte de Heau- 
li«Mi, par M. Doporot: <)l>sorvation siir los tufs ot broches basaltiques de 
rAuvergm* ot tin Vohiy, par M. M. Boulo: Les Anciens (Jlaciors de 
VAuvi«rirne, par M. Tardy: Sur la Limito entro h' Pli(H'one et le (Juater 
nairo, par M. M. Boulo: Note ^ur hige do> Basaltes du Velay, |>ar M. M 
Bnulo. Torn** XIX. No. 1, .Ian. IHOl. contains: Formations des ressaut** 



• li* Terrain <Hts rideaux, piir M. A. ilo Lupparent: Sur qu«*hnies Faliiii> 
nieiis iiH'oiiiiiis <lii Depart iii»»nt des I^aiKlos, parM.V. liaiiUn: ErirmUle> 
<'n'tac<'s «l4»s Pyn'iKM's OccidiMitiili's, par M. .1. S<Mines. Xo. 2, Fell. I.SIH): 
DoHfriptioii till 'IVrnuii Cn'tar*' dans line partie d«* la lUisse-l*rov«*fM"f. 
par .M. Collot; I^«»s T«'rraiii«* «rAIluvion a PcmtliclK'ry, par M. H. 
I/v<«illf': Siir \vs Courhos <lit«»s Cn'tact' iiiforii'ur d<»s environs de 
Souirraiyriie fAn«le), par M. K. .Iu<-ipn»t. N<». :», Mars l><iM: l*n'«entati<»n 
d'un .M«*nioirs, par M. .1. Sennes: \ote snr quelipies (Juestions relatives 
;1 la (teoloijie fl<*s <trottos et ties eanx Sonterniiues, par M. L. de Launay 
•el M. K. A. M artel: Note Sur le <fisement Arjrovien de Trept \ [stTe», par 
M. A. deUiaz. No. 4. Avril, ISJIl: Observations snr les Terrains 
•<eeondain's rt h's Terrains priniaires des Corbi^'res, par M. .1. Konssel: 
Ktude sur le bassin I'Jiocf-ne «le Theziers Hoqn«Mna»ire i(tard), par M. 
(aziot. No. .\ Mai, ISJM: Sur le Callovien cb- TOaest de la F ranee et 
•<nr sa Fann«\ par M. A. <le (Jrossouvre; Ktn«le d*Knseinble snr les dentn 
des MainmirT'res Fossiles des i»nviron8 tie Helms, ]>ar M. I^einoine: No. 
<», A«»nt, 1H!M : Keehen-hes exp^'-rinientab's >nr le role possible des gaz a 
liaute> Temperatures, ilom's de tn-s fortes Pressions et Anini^^s d'nn 
mouxement fort Kapide, dans clivers Pli^'^nomenes jreoloiriqne**, par M. 
Daulin'e: <tiseinents de Phosphate de (Miaux des Hautes-l*lateaux de la 
Tnnisie, par .M. P. Thomas: Heeherehes snr <|ueli|nes r<M"lies Opliititines 
du >ud d«' la Tnnisie, par M. P. Thomas. 

Zeitsehrift drr <tes«'llMhaft fflr Krdknn«le zn IJerlin. IJaud XXVI, 
IsiM. No. :J, <'oiitains: Heitnlire znr (ieoirraphie Central -HrasilienH, von 
Dr. P. Khn'iin*ieh: N'i'rsnch einer Oroirnipliie des Kwen Inn, vf»n Dr. <t. 
NVe:r»'!ier. 

•lahresb. des \'i*reins fCir Naturw. zn Uraunsehweiir, fhr 1SS7 88 uud 
1S*<S sjj^ contains: Die (ieologie, Mineralo;rie nnd l^ililontologle des 
lierzo<;thums Braunschweig nnd der anirreiizenden Landesthelle mit 
InlH'griff (b*s llarzgebirges, von Dr. J. 11. KbM»s. 

Verhand. «ler(;esell. fHr Krdkuncb' zn Uerlin, Hand XVIIl, 1«M, No. 
•<». <"ontains: Die Krforsehung der obersten S«-hieliten der .Vtmospliflre, 
voii Prof. \V. Forster. 

Notizblatt des Vereins fCir Knlk. zn Darmstadt nnd d«»s mittelrheinis 
rliJMi ireoloirischen Vereins. IV Folge, 2 Ileft eontains: Das Kolirloeh 
der (ndiriuler Beeki*r in der Mauerstrasse zn Darmstadt, von K. I*e|>siu»; 
I'eber die fossilen l^este ails dem mitteloliircK'jInen Meenissandstein l»el 
Ib'ppiMiheim an der Bergstrasse, von II. Le|>sins: Die (iranaten von 
An«TlMu;han der Bergstnisse, von K. Moyat: Frittungvon Uotlili(*geudeni 
SauiUtein in rinei» Bohrl<j<'he, von ('. Chelins: lebersielit fiber die 
ernpliven (lesteine «ler Section <tiessen, von \. Streng. 

.\riiial<'s de la SiM'ielc <i('ologi«|nc <ln Nord. Tome XVII, ISSli-iMi con- 
tains: Notice explicative de la fenille «le Bedon, par M. Ch. Ikirruis; 
Siir les diabases du .Meiu»z-HfHn ( Finistcre), par M. C'h. Barrois: Les 
Deinoisello de Lib us, par .M. J. (tosseb't: Kxcursbms geologi«|ne8 dan» 
environs de VIehy, i>ar M. <;ronnier: Ondulations <b« la craie ile la 
fcuilie d»* Cambrai et Rapports de la structure oihIuIcc avec le syst^me 
hydr«)graplii<|ue «le «-ette carti*, par M. L. Cayenx: Fenille de Pontiw, 
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par M. Cli. Barroi8: Mt'inolre siir hi **('niie grise*' clu'Xord tU^ la Fraiic«%. 
par M. li. Caj'oux; Siir la composition <les Pliosphates ties onviroiii* <if 
Mons, parM. II. i.astie; l)r(M>uvorte tie silex taillt^d A Qui^'vy (Nord). 
Note 8url(>ur gisement, par M. I^. Cayeux; A proinn de la Ciplyto, par 
M. .1. Ortlieb; Siir la composition de la scorie TliomaH, tVaprt's MM. les 
Prof. Bucking ct I/inck: 8ur Ic phosphate (piatri-calciiiue et la liaaicit^* 
des silicates de$ scories Thomas d'apr^s M. G. IIilgeQstcK!k; ConsidcRi- 
tions sur le Bief A silex de TArtois, par M. J. Gossolet; Note Mur l«* 
Micraster Uosseleti es{>^cc nouvelli; de la (.Vaic blanche des environs de 
Lille, par M. L. Cayeox; Xi)te8 sur le rapport des di/pots carbonift*res 
russcs avec ceux de TKurope occidentale, par M.Tschernichew; l/'gendo 
de la Feuille de Vannes de la carte g(^ologiqne de France, par Ch. Bar 
rols; Coup-d'<eil sur la composition dn C'riitac^* des environs de lY*ronn<*, 
par M. \*. r.'ayeux; Deux excursions dans le HundsrUck et leTaunus, par 
M. J. (losseiet; Ktude micrographique de la ('raie ilea environs de Lille. 
Diftvea i1 Inoceramus labiatus, par M. L. Uayeux. Annates XVIIl, IHlMi: 
Description g^^ologlque du Canton de Trelon, par M. .L Uronnier:. 
Etude strati gra{)hi((uedn Terrain (juaternaire du Nord <le la France, 
par M. J. Lmlrif're; Carri^res de V'olvic* (Puy-de-Dome), par QuarrC'-Uey- 
lK>urt>on; L^'gende de la feuille <le (2ium|)er de la crane gC'Ologique d«' 
France, par Ch. Barrois; Ktutle stratigraphi(iu<^ du Terrain quateniaire 
du Nord de la France, par 3L J. l^adri^re; Le<;on d'ouverturc du Cours 
de MinC*ralogie professe A la Faculti^ des S(*lences tie Lille, le 21 Ndv., 
1H90, par M. (4o8selet. 

The Scientific l*nM*eediiigs of the Itoyal Dublin iSociety. \'ol. VU 
(N. S.) Part HI. Dec, IHJK), (contains: Ueports on the Zoological Col- 
lections made in Torres Straits by Prof. A. C. Iladdon, 1888-89; llydrolda 
and Polyzoa, by U. Kirkpatrick. Vol. VII. Part l,<'ontains: Beports 
on the Zoological Collections nuule in Torres Straits by Prof. A. C. Had 
don, 1888-81); Lepidopteni from .Murray Island, by G. IL Cari>enter ami 
The Land Shells, by Kdgar A. Smith; On a Fragment of (rarnet Horn- 
fels, by Prof. Solhis. Part 2, contains: A New Species of Tortrix from 
Tuam, by (». IL Car|)enter; The Variolite of Cerroyg (twladys, Angle 
8«*y, by G. A. .1. Cole; The Origin of Ortain Marbles: A Suggestion, by 
Profs. Sollas and ('ole. 

Kur/.e Cebersicht meiner llypothese von der geologischen Zeitrech- 
nung, vonA. Blytt. From <;eol. Foren. Forhandl. \V\, XII, llflft 1. 
No. 127. 

Besults of Kain, River and Kva|>onition. Observali<ms made in New 
South Wales, tluriug 1880, by IL C. Bussell. 

Anuiuil Ueport of the l)e|mrtmeiit of Mines of New South Wales, for 
the year 1889. 

The Scientific Transactions of the Uoval Dublin So<ietv. Vol. IV- 
(N. S.) Part VI. Nov, isi)0, contains: On the Fossil Fish of the 
Cretaceoiis Formations of Scandinavia, l»y .1. W. Davis. Part VI 1. 
Feb. 1891, contains: Survey of Fishing <trounds. West Coa>*t of Ireland.. 
1890. 1. On the E..rirs and Larva- of Teleosteans, bv K. W. L. Holt.. 



•' 

'Part VIII, June, 18in, coutaioB: The Construction of Telesc^opic Object 
Mriaftses for the International Photographic Survey of the Heavens, by 

H. Grubb. 
Eleventh Annual lleiwrt of the Department of Mines^ of Now South 

Waleg, for the year 18(M). 



PKHSONAL AND SCMKNTIFK' NKWS. 



(jrKANi» Falls, liAiiKAinm. — Me^srH. Keniwtou and Bryant, 
the explorc»rs who (juitt^ reccMitly retunuHi from ji trip t<> liiibrador 
announce Home aeeunitc measurements taken at Grand Falls. The 
fall is 31(5 feet, or if the rapids Ih» ineludetl the dese4»nt would Ik* 
500 feet.* The width is 200 fwt; hut on jr<>iuj^ haek half a mik» 
the river is from 12(M> to 1500 fcH»t wide, j^nidually narrowing un- 
til it reaches the falls, precipice. After passing I »ver the pr<*ci- 
pice the river ni US for a distance of twenty-five to thirty mik^ 
thnniji^h a narniw canoiL the walls of which rise to a hijrht of 
frr>m 300 to 400 finM. 

SiLVKR pRODi'cTiox, — Dr. A. F. Wendt is of the opinion that 
notwithstanding all authorities to the contrary, the* a^j;n»pite pro- 
duction of the Potosi silver mines of Bolivia has not cxceinh**! 
1.000.(MMI.000 oum^^s. 

It is i>orBTFrL if axv A.mkrican kxpkimtion of n»cent years 
has Ihmmi so fruitfid of goo<l rt»sults :ts that undertaken nn^ntly 
by Messrs. MHitH», Wanl, and Hill into the southern coasUil rv- 
irions of Mississippi. Tennc»ssee. liouisiana. Texas. an<l Mexico: 
the party has returniHl to Washin^on with a most valuable cnd- 
lection of data. In TennesscH\ Mississippi. an<l liouisiatm they 
were a4*(H>mpanie<l by professors Satford. of Tcnn<»sscH». Ililganl. 
• »f California. Smith, of Alabama, and Holmes, of North C'aro- 
lina. who visited all the historit* h>calities, and in the tleid dis- 
russcnl and hanmrnized opinions, and devis^sl meth<Mls that will 
s<K>n result in a clear elucidation of the N<»<h»imh' ft»aturcs of the 
Atlantic* and (iulf sh>iK\ 

.>Iessi*s. MHJiH*. Ward, and Hill continuc»<l the work in Texas 
and Mexico, and obtaine<l a vast ston^ of information (*onc*ernin); 
the jri»o«rraphi<*al. jx**ol<»gieal. and Initanical relations of thow» re 
jxions of the I'nitiMl States. The remarkable orogniphic develop 
nient of nort hciistern Mexico was reconnoitriHl, and the intercut 
in«r Jurassic and (\)nmnche IkmIs visittnl. pn>ving lK»yond doubt 
the <rreat development of the I^»wer OetaciMms in that ccmntrj*. 
Finally tin* Trinity IkhIs of Texas, a jrnnit fornnition hitherto lit- 
tie :ippre<'iat<M]. were visittnl by l*n»fs. Wanl and Hill, n^snltinj; 



ill the iliscoviM'v \\\ Prof. Wiinl of u iiia^iiifkvnt fossil Horn which 
has liithcrlo Ihumi iiiikiiowii in that rco:ioii. The whoU^ party feci 
p'eatly iii(lcl)tiMl to Mr. Mc(icc for the al)h' iiiaiiiier in which lie 
phuiiicd and condnctcd this tu^hl syuiposinni. and to his accoiii- 
plisiicd wif(», who accoiiipanic(l ihi* i»arty in even the roujxhest 
aiitl most diilicult jonrneys. 

(Jk(»lo(}V \'v tiik T'nivkusitv of Wisco.nsin. Tliere have heen 
an enhnirenHMit and a i*e<n*<;anization of tlie departments of ^c»ol- 
f»jxy innl inineialo<ry n^ecntly at Madison, the e(inii)ment and ti*ach- 
ing force increased ami the courses recast with reference to the 
preiiaration of [)rofessional *r(»oloi£ists. The teachinj; corps em- 
imices Pres. 'W V. Chamherlin. and Profs. ('. |{. Van Hise. Ucd- 
lin I). Salislairv. and William H. Ifohhs, with collateral assistance 
in chemist IV l»v Profs, haniells ami llillver. 

• • • 

A\VAKi» OK TIIK ll.vvDKN Mkmoki.vl Mkdal. The committee* 
appointed l>v the Academy of Natural Sciences of IMiiladelphia to 
award this medal, met on the 20th of October and (hn-ided to 
honor Prof. Kdward 1). ('o[)e for his many and valuable researches 
in i>aheontoloy:v ancl jreoloirv. 

Prok. N. S. Siialku. of Harvard, has Jately 1hh*ii ap|M>liit(Ml 
Dean of the Lawrence Scii'iililic ScIhm>I of that nniversitv. r/V# 
l*rof. ('ha|)liii. resi*rn(Ml. 

Mh. W. J. Baldwin, an inslrnctor in the Michipm Mining 
School, has lieeii a|)pointed |)rofessor of ininin<r en<rim*eriii<r Mt the 
rniv<»rsitv of Illinois. 

\V. W. AiMM.KiJV. of New V(nk, has U'cn appointed minin<r eii- 
jrineer in tla» school of mines in the rniversitv of Minnesota. 

Mh. Amos K. WoonwAUh. of Somerville. .^lass.. a vonnjr ireol 
ojrist *»f much promisi'. di(»d. after a short illness, of pnenm<»nia. 
at Castle. Montana. Septcmlu'r ISth. a<red 2t'» veal's. He was eii- 
ira«red last vear on the (Jcolojjical Snrvev of Missouri, and his 
most im|M)itant piil)lislie<l work appears in Hnlletin No. W of that 
Snrvev. issued last l>ecemlK»r. on "The Mineral Waters of Henry. 
St. Clair. Johnson and Uenton Counties. ' Kesides the descrip- 
tive text, this report irives twelve analyses of >nss<»nri watei*s. 
(»ach of which was cfniducte<l in duplicate. 

l*RoF. J. V. WiM.iAMs. OK CouNKM. rMVKHsrrv. diedat Itlnu'a. 
N. Y.. on Nov. S. of malarial fi?vi'r. the <;erms of which In* 
hi*ouirht from the malarial regions of Arkansas. His ajxe was *iJ» 
y<»ars. His report on the petro*;raphy of the crystalline r«M*ks of 
Arkansas is .M)on to he piihlished hv the state snrvev. A niori* 
extended sk(*tch of him will appear in a siihscipieiit iiuiuIkm' ot' 
the (I KOI. oca ST. 

PkoF. C. S. \Vm.KINS(»N\ TIIK <Io\ kknmknt <i KOUMJIsT of New 
South Wales. <lie<l at Sv<lnev the 2I»rd of .\ujrust. at the a*re of 47 
years. 

I'hok p. Hkkukkt C.vki»kntkk. ok Kton Com.kok. Kn^laiid. 
died Oct. 21. 1S!I1. at the i\)iv of WW years. 
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.\^u^r'i/. «liik<>). K\|>loratiuni< of. r|»liaiii, 

Am. A^.*^•. Adv. 8ri. IW: 1!«: -l^J. 
Ami. H. M. Stnita of tin* <^in»lM»r u'roiip. 
lir», iie<»loirv of c^im'Imt .-hkI it^fiivlnni**. 

\m. 

.ViithrHcitc ill Colonido. It. 

.VnnoUiU'd UmI of iiiiiifnilH of C'liiuiila. 
Iluffmaiu HIMi. 

Appli'hy, W. ]{.. «M. 

.VrKHii^aH <ii*oloi;iral Survot , 'iHl : JWi. 

.Vxtijx-. (iov«>riiiii«*iit tr«'<)loirUtH, iwi. 

.Vttitiulo of tin* ••antiTii ami central por- 
tiom« of tin* rnlt«*«l Stat«»H diirini; tlu* 
(ilacial imtknI, T. (\ ('hamtferlin, 'SXi, 

.Vvi-faiiiia of tin* Silvor-lako rf-jioii. 'Jil.^. 
.\>var«l of (M><iioi;iral iiKMhiU. »W. 

B 

llarltoiir. K. II.. <il: (and Torr«'.v>. M»'t- 

♦»oHt«*H of lowH. !{:>: I!Mi. 
llttUl\vin,W. .1., 44M. 
liarlou. .\. K., NIckfl and <'op|H*r d«'iM»Hlt>» 

of Sn<|lMiry, 111. 
Ilarroi**. (Miarl«»s, iM; tiTM. 
Burrow**. Krunkliji, l'J!». 
Baiir, («.. Rf'iiiark" on IMnoMiuria. .V>; t'^. 
B«MM'h«»n'Ila, a in*u irtMnix f»f Lt»\\. ili»ld«*r- 

Imt:; o-trarotia, I'lrU'li.. IJC 
B<M»tli, II«'nrv (and <". Uiuin. Ko^-il n'-in-. 

Branin-r. J. <'..<».*J, .Viiiiiial report. .Vrk.Snr.. 
•Jlil. 8««. 

Ur«>mlh«'ad. H. r.. Tin* O/.ark H^•rle^, :W. 

Britinh IVrtiarv «H'liiiioid f<»rins and tli<*ir 
Hftlniti<'«*, .1. \V. C«n»i;«»ry. »rJT. 

Brow««r, I. \ ., liWi: Nmrrf <»f tin* .Ml-«•j««•ip- 
pi, JJM. 

Bnmn. W. <i.. I«jrn<*<»ii* nM-ki* of tin* 
M«*M»/.»>ir, .*»♦. 

Hriinwl. II. I*.. Miin*ral "•lati-tir*' of I'an- 
a<Ui, *«'». 

BnrlMinan (-onnt\. loua. Note* on. Calvin, 
I4--'. 



«'Md»*ll. II.iir> M..i4-':-,M;. 

Calvin, S., Not«*j» on tin- n«'\oiiian of 

Biicliaiiaii Co., I<iua. I t'i. 
CamplH'll. Jn«*. T.. 'S'i^K 
CamplM>ll, II. I).. Ii;n«HMi« nM'k- ol tin* 

.M»*«io/oir. r>|. 
CarlMHilftToii* fo»»il- from N»'\\ Konnd- 

iand, J. \V. ha\\*«ni. 'Si*. 
Carpenter. 1*. llerU-rt. HM, KM. 
Chalmeri*. IJobt., Snrfaee ue«do;:.\ of 

Southern New ltriiii^\vi«'k. HIM. 
c|iam)M>rlin. T. C. VX»: Attitude of the 

eastern and ri'iitnil |M»rtlon~of the l. .*>.. 

The prej»«'nt -tandini,' of tin? -••^eral 
hV|K)tlle»4•^ of the eail^e of tli«> (ilarial 
perl«Ml,aM7:Cla'—ifl<ation of the IMejf.t4)- 
rene fommtionfi. 'ZH): '.iA'iriUi: ilH: S\ - 
tern «>f rarto^raphy, 'JUiJ. 

chanilMT". Jiiiiii*'. di'-rripfntn ..f flw 
ItaKca hatpin, aiCi. 

Chapin. J. II., :««•. 

<*heinlral amHietdo^iral e»oa\ p. Ilnni. .*i| 

<*hemleal rontril»nti«»n-. Il«*ffimu. :MC>. 



ChriMie, .laine« C. vM','; -J 17. 

Ciin-innati ire dam, }W: '^i'2. 

Cinnabar and Ito/.einan eoaltlehU of Mimi 

tana, \V. II. Weed, M. 
Clarke, J. .M., Fauna with (ioniatite» in 

tiimeM-on-, W. 
Cinvpole, K. W., Kpi^tde in the paleozoic 

hi-tory of l*enm*yhanla, l.Vi; liCi: l)iH»p 

lK>rin<; near .\kfon, '£W: iM. 
Colorado. Fuel r»»ftoiin*e- of. I.ake><, 7. 
Color of KoiU of hi<rh and low latitude*. 

W. (). Cnij^hv. 7;^. 
Comanche >erief» of Texa««. K. T. Mill. 'iV.!. 
CoinMiMk, Thfo. B., VM't. 
Confoiindiii!; of NaHi>a trixittata and N. 

peralta. Ilarri'*, 174. 
Co|M*. K. I>.. Cranial rharurter'^ of K(|Ull^ 

exrel«u«., "iJl : •^l;l: '2tH: SA: Vertehrata 

from the Cn'tanini- and Tertiary. iViti. 

CoimKHl»o\I»KN« K. 

Fi-li n>main!« of the upper Niliirian in 

New Urun-wirk. •»!. 
.Vn'a and duration of tin- lak«* Aira— 'i/.. 

r,»7. 

•Xi^af"!/ .V"*»oeiatioii. 1*S. 

Orange vand. La<;ran'.reand .Xppoiimtto.v, 

So-ealh»<l •*and dune* of Fa-t Hampton. 
Br>wMi,lW. 
Craijin, F. W., Leaf-lM*arin:^ terrain* in 

J^oiip Fork, 'J!): iti. ()h*ervation>^ on 

Trinarr«»meruni, 111. 
Crawfonl. .1,. N»H>llthie man in Nlrarajjua, 

ua>: Vi»*jo ranjre, 1«): Evideiiee of a irla- 

rial eptM-li in Nieara;;uaf •liMi. 
< r»*<lner, II. '211: "SVl. 
Crinoid*and hlaf^tohN. Kowlev. l'<4i. 
Oiteria uf en^lacial and r«ul><..'ln<'ial till 

Warn»n r|diam. .H7ti. 
Crt»Hl»y, W. (»,, Color of •'tdl* of hii'li and 

low latitudes. 72. 
4*uxhinv% II. IV. VM: Note* «>n the Muir 

:;lacier reirion. 2ii7: .TH>. 
Ciimmiii!*, W. F,. New CarlN»nif**nMi* 

roral, IX7. 
Cvric* of Sfiiimeiitation. J. Law ton 

William-. :ii:>. 



Ihile, T. NeI*oii. The <trayl«Nk Synelin 

oriiim. 1. 
Darton, N. II.. Me*o/.oir and 4'enoxoieof 

Vir;:inia and Maryland. 1H.V 
Pax i-, W. M.,'ir»l : lie<»logir ilate* of rt-r- 

tain to|>oi;raphir fornix, 'Jiili. 
Davi*, >\ . M., (and S. WanI Lo|»er», Blaek 

*late in tin* Trla**ie in Conn.. IIM. 
Dawson. <i»H». M.. We*t Kixitaule hi*" 

trirt, :l^. 
I>aw*on.>L W., Carltoniferou* fo«**il* fnmi 

New Foiindland. 'Sii*. 
Defloration and ueformation of allu\ial 

depo*lt* in New Kn^rlniid. Fuller, *i?Bi. 
1)«*«M» iMtrini: near .Vknui. Ohio. Clay|Mde. 

l)«'#*p well at Wh«»elinu, W. Va..»»: ]\H. 
Devonian <if Biiehanan rountv. Iowa. Cat 

vin, 14*.». 
I>ewal(|ue. Prof., On the ii«c «>f tin* term 

Ta<onir, |H4. 
Diener, CarL-i4*J:il7. 
Dino*auria. Kemark* on. Baiir. Vi. 
Diimhle, K. T., 1H7. 
Diiiiean. I*. Martin. I8".V 



4<>4 7/**'^\ni*'r*rtf/t (rtnhHftMf. lhH-«-nilHr, I*<t»l* 

ill tlu» (liscoviMT l>v Prof. Wjircl of u iiia<;iiific*(Mit fossil llora uhicli 
has liitluTto Ikhmi iinkiiowii in that ri'«rioii. Tlic whoU' party feol 
jjivatly iinU'liti'd to Mr. McdtM' for the able maniu'r in which \\v 
phiiincd and conihu'tcd this tichl syuiposiinn. and to his a<*(M)Hi- 
plisht'd wift', wlio acconi|)aniiMl thi* party in cvtMi tho ronjrlicsi 
an<l most dillicnlt journeys. 

(Jkolo(JV at tiik T^nivkhsitv of \Vis('<».nsin. ThiMv have Ikhmi 
an (MdaririMntMit and a ri*or«rnnization of tlu* departments of »;(»ol- 
o«;y and in ineralo<ry recently at Madison, tlie e(piipment and teacli- 
in*r force increased and the courses recast witli reference to the 
preparation of i)rofessional treoloijists. Tlie teachin*? corps em- 
braces Pres. T. (\ Chaniberlin. and Profs. ('. K. Van llise. K«>1- 
lin IV Salisbnrv. and William II. Uobbs, with collateral assistan<'e 
in chemistry b\ Profs. Daniells and llillver. 

• • • 

AwAKhoKTiiK IIavi>kn Mkmokial Mkdai.. The committee 
appointed by the Aca<lemy of Xatnral Sciences of Philadelt)hia tt» 
award this nuulal. nn*l on the 20tli of October and de<M<hM| to 
honor Prof. Kdward D. (N)[)e for his many and valuable i-esearcln»s 
in i)al}eont(»lo*;v and «>:eoloirv. 

PuoK. X. S. ShALKU. of Harvard, has Jately been appointcMl 
Dean of the Lawrence Scientific School (►f that nniversitv. riif 
Pi-of. (Miaplin. resijriHMJ. 

Mk. \V. J. UAi.hWiN, an instrnctor in the Michigan Mining 
School, has been a|)pointed professor of minin»xen*;ine(»rin<r at tin* 
Fniversitv of Illinois. 

W. W. AiMM.KHV. of New York, has been appointed minin*r «*ti- 
jrineer in the school of mines in the rniversitv of .^Iinn(»sota. 

Mh. Amos K. \Vo(H)WAUh. of Somerville. .Mass.. a v<»nnjr jrt'ol- 
«>j;ist of mnch |)romise. (lied, after a short illness, of pnenmonia. 
at (\istle. .^lonlana. Se|)tember ISth. a^ed 2(» yeai*s. lie was vi\- 
jraired last vear on the (MM)loy[ical Snrvev of Missonri. an«l his 
most impoilant pnblishe<l work appears in l(nlU>tin No. '.\ (»f that 
Snrvev. issued last l>ecember. on * The Mineral Watei*sof llenrv. 
St. (Mair. Johnson and U(>nton Ciainties. " Kesides the d<»scrip- 

tive t<*xt. this report irivt»s twelve analyses of Missonri waters, 
each of which was ci»ndncted in dnplicate. 

l*ROK. J. P. WiMJAMs. OK CouNKiJ. rNiVKKsiTV. diedat Itliaca. 
N. v.. on .Nov. s. of malarial ftfver. the «z*'rms of whi<*h In* 
bi*onirht from tin* malarial reyfions of .\rkansas. His aire was 2*J 
yi'ars. His report on the petr(»«rraphy of the crystalline ro<*ks of 
Arkansas is s<Mm to be iinl)lislied bv the state snrvev. .\ more 

la • 

extended sketch (»f him will a|)|H>ar in a snbsiHpuMit nnmlMM* of 
the < Jkolo<jist. 

PkoK. ('. S. Wll.KINStlN, TIIK (ioVKKNMK.NT <i KO|.o<JlsT of New 

South Wales. tlitMl at Svdnev the 'J.'Jrd of .\ii«rnst. at the a*ri' of 47 
years. 

Pm»K. P. HKKIiKHT CaKI'KNTKK. ok Kto\ CoI.I.KOK. KlI^laiKl. 

died Oct. 21. 1S«M. at the atre of *;!» years. 
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Aiithra«if<' in i'olorado, 14. 

AnnoUiti'd li>*t of miiu'ralH of Ctnimla. 

lIofflllHI). HMii. 

ApuUhv, W. !{.. RW. 

ArKAitKaH < J»M»Ioifiral Sur\«'\ . '.fril ; .H-JW. 

.VfHor. lioveniiiMMit ir«'olot;i.-tH, 1W». 

•Xttitiule of tli«» i'aKt«TH ami c<'iitral por- 
tions of th«' rnit«'<l Statei* durini: the 
(tla<-ial p«*ri(Ml, T. l\ rlianil>erIiiK *iKH. 

-Vvi-fauna of tin* .•^ilver-lake n'«:ion. 'Jil^. 
Award of tJeoIoiriral ni<>dais. «W, 

B 

liHrlHiiir. K. U.. <»4; (and Torrey*. .M«*t- 

«»orit«'i* of Iowa, iirn I!Hl. 
Biildwin. W. .1., 44H. 
Barlow. A. K., Niok«*l and rop|H*r depoKit^ 

of Sndburv, 111. 
liarroJH. Cliarlo*, ryl: e.V>. 
Burrow-i. Frankliji, r-J!». 
Raiir. li., RfMiiarkn on i>ino^^allria. .V>: r»4. 
B«M»rlK*ndIa. a new i^enm* of Low. Iloldor- 

Ihtu o^tra^'(Kla, riri<di.. 1!»T 
B«>«>t!i. n«Mirv «and <". l,own^, Fo^'sll r«'<«inH, 

Krunn<'r. J. r..ri:i, Annual report, A rk.Snr.. 

Itnmdheatl, ti. i\. The O/ark series, :W. 

Hrttinh Tertiarv echinoid forms and their 
Hmiiitie>4. .1. \V. Greir«»ry, *!T. 

llrower. ). V.. lUtS: Smrce »»f thi' .Mi^''i'*»•ip- 
pi, -JM. 

Brown, W. a., itrn«Hin^ roekr> of tli«* 
Mefsozoir, .M. 

Bnimel. II. P.. Mineral ftatiftlcK of Can- 
a<bi, 8!»''. 

Bnehnnan ronntv. Iowa. Notes on. <'alvin, 
14*,». 



(Udell, lleiirv .M., U-i: --.MT. 

t'alvin, S., Notej* on the Ih^vonian of 

Bm'hanan Co., Iowa. 14*.'. 
CamplMdl, Jno. T.. t»a>. 
(*HniplM>ll, II. I).. l!;neon«: rtM'k- of the 

Menozoir, 51. 
Carlton if erou'^ fo-Hil- from New K«>und- 

land, .1. W. JIawHMi, '^i!*. 
Carpenter. I*. llerlM-rt, lUl, KM. 
ChainiefM, Hobt., Surfaee ^«'oU»;r\ of 

HoHthern New Brunswick, HU I. 
Chaiiil>erliii. T. C, 1!»5; Attitude of the 

eaKt<*ni and rentnil iNirtiony'of the l'. S., 
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